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7 4_.juai 

9 v-L-Vl (^Lill : JjVl J-*»-iJl ( 

46 ^>^ gJU iJ^iJiII oLiwJl :^Lt)l J ,^ll' 

119 ojkLI oUySU nULiJl J^iJl 

198 ilvj 32 Jl o%^-j 4 .y : ^>vaJl ^JUI iJjU. ^ : ^1^)1 JyaiJl 

271 iAji&JJ iJUMjdl o^L^xJl : j-Ut-l J^l 

298 tSyu^S gJUl olaJaJ : ^aUl J*aiJl 

341 «— aJ^JI ijJjj : *_>LJI J-^uiJl 

383 <£>u«Jl VJ-^ 1 *f ji : <y^ J ^^1 

402 t-sjiJ.1 SJUJI y^LLl UJj JjjCJI ijju if jJI : £~,UI J_*mJ| 

453 flkJi y >; r^iUJl J^iJl 

501*11 Jil^ill RISC aJSLa oLiv»l>. :oU£J,l *L .-jJip ^aUM J*ai)| 

479 ^JljJI oljLS^I oULU,j 
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*t-*M 



<la*~j ^jj^ (j* 4 --" Lf^J^J VJ^i (*s*l*^ *— *ij^ J JJ • cSj*-^ f 6 -'^' J' <- 7 J j**^-\ 

ilL«Vl. {/> jiS s\j\ tf f*J^. <Sj**° p^** <$ ^-Ua> &>jj*i.\ oUjLJ.1 

Wilis' .iywJl luU-UII (^ftJL- aSj^1\ *-^s<aJl »^L«j *j*Lio J* \-iyiZ~* . ojJL>J.I 
.i^jLi-l ii_r*vl)l oU-Uil C-»l!L~y Lilj-y oiJLcLl iiywill 0U7UI.I OH OlSjjjiJl 

p^iU i!j^- jtff l^f dUi ,y fjA . otfJcJl o»j£S JUa^VI Sj-^ cJlj V l^f Vj 
lHJJU 4>«^ .ilvj 32 Jlj 16 Jl ob aj^wsJI oU-Ull -^ JUpfj JJOJjLl olJb-^JI ^ 
. hxb>V u -L-tS' (INTEL 8080) o">Uj jUi oli ijU*l iyw> oLLL. JUx^-l Ujy 
i^jj-l iywJl oU-LJj rt-^s<aj jp«J /» Oifcu- t ft-^jf wLl *-*ULI c^^»f (,-lSj -Uj ^ 
. ij^Jl (*f«J .b- ^gAsf v±U ^j-— p-^l IJla of _/»-£J . iUsy 3 2j 1 6 CjIJ 

>*> .^ £-11*1 J^ 1 J** 11 Jl S'^J **j~i ^^ V 1 ^ 1 liA VO 

J i^U s^ JJL.J & { Jj &- t£s*° gr 11 * 4 J** V^ J* t&d -^W- 

^jjuj iywJl oLLUil ^ AjjJ^rvaJl V-L-Vl *_4jjbcJl -O JjVl J-tfiJl ^OflJ 
iU^I oJL* J O^U- tJjVl J-^iJI J SJjIjJI i-ijUxll ^--^- v^J 1 -- 1 Its'" U^-* '"^ ^ 



J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



^ *lo_al t a«LS' S^ku lJJj; jJI ^Vl cli^SO.! liJUl J*aA!l dAB JU; jw 

o^JOcdl iywaJI oUL-Uil cj%^j Cr"^ d* £&*&> v*/ ^ J*^' j*i tcjjiv 
cjLS" Uajl Oir** - • ^V^J *■!><■*"•{ ^"j^- 4 f-s*^ V^ tii ^•AaIjJ t ^r -0 '*'' ,U«*ll 

sap liJ^j oil .dJUL-i l£L- jj^lj Jl^Vlj "»J\Si\ l«-» Lc i^uVl jflspi J*»jj 



v-^-iy-l ***) ,>*liJI J-^b 0-^JjJl V^) ^-M J-^ 1 -^Ji f 5 c/r-J 1 ^- 1 
.«_ws<il_jll oi* fe-^j-> (Jl* li^w* J* ^f^J'j f-s*^') A—Ul J-^b (*o»-saJI 
V-JjJI ^^V'-J J^^V 1 *■>**'' Js^ 1 ^ **->-» J"** 11 ^W^ 1 £7^ J-^ 1 U^7~. 

LytJl iiJ j S_^jJ.I jjUflil «_^UI J^aill jyas^i . iywlll 4_-«ul_jJ-l i#jJ oLiJlj 

. (JjiJll <Jlp i_Jj*aU-l tl>UJ ^jjtjxl^ij 

Ia^Ca j» *Ijl^I <»l5i U ^UoS ji>J S>jdl oljiSlI Jl ^UJI J^aiM ^Jkj 

.y'ljjJL SlSUll JI yJaJI 

,_.... .\jL L&1\ j i^il SJbJi^l o^U«il JI y^ i|aU-l J^AJI c-U-sj ija^b 

. S^i^l ijliyi oLi-L^ Jl (Rises) o^^^^il oUUdl *s.y^- 

J5 "o*l^ ^ -kjj^ ltJ ^ J^J t-i 1 ^ J 5 ^ V 1 ^ 1 ^ Sftl ^ cM^- 

. tfljXsi. -_^ jrji5Jl i_i)L -ot a^jUJI Ji^l _^Jj ^ J-s^i 

jUi J l^t- ^bS^I IJl* Jie .jj-^i ^j J Si>Jl v^^-lji-l ,0^ J*A\ cy ^ o^^ 



JJV\ 



J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



4mUU f^AW 




iJjVl i-ijUJl a-» Computer i_jj*»U-I «UL J*p *(_£iL« J-^aiJl IJLa J dow 
■i*lw» U-lwj £->j\j ^yc^i^. tUUiS" . Microcomputer ^j-A-aII »_jj-*U-I JJ i«Ul 
oU^i *^ij ljJ>\J-\ ol>«idl ^.jJj J-<— ' Jsrf jy> Microprocessors 4_jj***JI oU-L*il 

Basic Definitions &uiL«yi OjjUjJI 

IJL* J (j^i- ,jJl Components oUj&lj Systems oU^kll <_iy»j J»-f -^ 

oJL» oiijjd i^JL-t Jf c~«Jli*i~»l .ol^^vayij i-^U- oUK JLjcl^I (_*£ n_jh£)l 

. J-^ill J^U- ^'i/l ^^iiJl ,j*»/w . *JjVl lJjjUJI ^^ajo Jj (^i 
oli^l. 5Ap ,y iyb £_*£ jL»>- _^a Integrated Circuit (IC) iU£dl SylaJl 

. 100,000 -j-^f Jl 2 ^ t Transistors 

ISj . is_,i, <JUl5c« SjSIa Jp jIUjJI oULw ,>• «_»MT *_-*j£ ^jJLf Jl (LSI) yji 
la_j>- £—[> ^O* Jp ( ^*J ^JLkMill ij>~~* Jjlij flw 20,000 ^ JSSf a-^ 
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jSlsj oULw. 1 <J[ 1 J* <Jf4j (SSI) ^y^4 jX^> ^Ju. Jp a^v^JI Uf . (VLSI) 

. (CHIP) iSMj JS j 

ii\ij\ J* l5jU-l i-iUudJ ((illSjJl)) juij Ulp *Ji»Xs-j dDJJ lilJH*lj . (1 _ 1 JSCjJI jlail) 

.(2-1 J5^J!>il) 
^JUJJ ui%ll v_Jlp1 f j»^j ^Jl (VLSI) jt (LSI) oUj^ ^ ^>JI ^JUil 




(1-1) J^l 
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ijS'jll i^UJJ <b"J>-j ,jyJ- (_$JJI Computer k_j^U-l jj> ^ji^aJl u-^U-l 

>»_-^ j^J_/iT jt T-ji fjjk*#}\ v_Jj~iU-l tSjUJI jj t» Jiiiwj . (5jJts<9 pJljw (Jp (CPU) 

. sJ^i-4 4ilSj i_«~J J>- 




<2_1)J*JJI 
(jyjl Jl «CAN» SSI j jLJI Jl LSI uiJUn 

. i_jj^U-I oiSllij jL»*jV kj^UI iJjjrfO'ill r-|jJVl ^ t5j*vaJI jJUil ii^JkXj 

oLJa_>>J,lj Power Supply JJLkll j'wl* »o*-jj SJljjI-l j^wax. ^ IJL* tU^p) 

. Peripherals 

Jjutuj JUiC^^ i»jMJl ii»l£]| e_)4^-Vl "*S-yJ~ iJy^Ail k.J^uU-1 kjjai* ,_jjo 

.Disks cjUjk,Vlj Printer *»tUlj cAA^! Jli*t oLLUl dlli J Lc ._^U-! 

w_*I^JJ cJlSt n_jj^U-! J oUjJUil *_^ J-Ud Binary ^ybill jjuJI fJl>a*«j 
ip^*uf 50^-jjf japjf Character Jy J-SCij J* Encode ^jj .Data oULJJjf 
iJU apj*£ J£ l5 **~j .Bit iUtfj jl LfUJ Ijij o?-lj jl y^* J5 1 t _ f «-~j . olJ>-j jf jU-^f 

.Byte iJU- cJ%^>j 
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Organization Of A Computer : u-^u*UJI juiali 

JbjjJ (VLSI) j (LSI) J ^>Vl cA_y£ll ^ JuywJI oLA-Ull fjiaj 

Ol^b-J i«v*>u ^Lofl ^^SiaJkl *Jiilll ,j~iJ i»UJI ^yM^/P^U v_*j»jjj-| /*--*• tiiULf 

.\fj> JJb-j JS 0Vl ^jii- .(3- 1) J£i)l J i^. L5 - iJjf 



ICFU) 



ICU) 




-ijli J/IJJI 



jjii^i jjSiJJi 



JjSIJJI 



(3.1) jaa\ 

Jp ^LJ-lj iJiUl oLJUJl ALU y*S .(ALU) ^.U-l Ukll iU-jJlj (CU) 
&*&5j .rjWlj £-4-1 tS-iUJ-l V!-3j*JI <JflfcjJI ,>*#! .U^U -y SjUl cAO 
Shift j Dl^-^J jt] Orj [- C - ->] And ol ^ l ^* JI ^ kdl oWUJl 

Execute JL&j Decode J-J^Jlj «Ju*Jl ^* j^dl y^ ^^Jl ^J^ 

.S^IJUI J tij_^i.l £-«U^JJ oobdl Instructions oL-Ldl 
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£c_»Lj^Jl oL-1«j t_->L-Jl liJUiS' toLJUJl y>\y£ ijjjj*£l\ *&>d\ oljLiJ t(J ^>j^aiL| 
(Buses) Jil^l Jp oUjJUil i-jLvJI »&>dl SJb-j JiJ .ALU r-^j J>-'-> ^LJlj 
>( ^>«ill JiU Jp "*J>jjA\ oljLSVl vlriJ Interpret i^^Jlj oULJl JiljJj ■jjjUjJI 
iftfcll vr»>Jl JilyJl . jWI p-JUl j JiljJl Ul+j* 4 oljLi^J J* iUj y> JiUl 
i_^j«Jl Jslij Data Bus oULJl JSU ^yk i£jis<aJl ^JUll i.jku k>J /.oicw" ^Jl 

. Control Bus f£*d\ JiUj Address Bus 

j CU ) Jo £>l.l Id* of j^Jj" . 1,- *^>^j" jdl ALU *_• *£>«JI SJb-> SjiLp J-*»jj 

Jp CPU L'JL. j* ci>AJl ^JUili v£UU .(CPU) ^jjjll jJLUll SJ^ u^ (ALU 



. A*lij 



Jvii ^*xf ij tOjAa 4JJSU5 CPU *-?■&£ iAjjj-^JI ^ ^j— -i* i_jj**U-I rt-*vxT JUe 

. ALU ^p CU 

^ ^ »oU,Ull 0> t (3_ 1) JfCJLJl J CPU c^ OyJ-l SjJIJUl jrV f jia-, 

_>* ^jJi» touuij ^.ijji :ou>di -y. cj^y s^ijui ^^ of ^ iyj^ji 

. iihi JJaj CjUUIj g-«ljJl fJLi^J 

^vj>- t^S^dl sos^J ^U J>w J Jii<£j 2_*UjJI J iJLa. i<JLu JS j* <i^J| 
*»vdl Jiit, o^m olyift ^L^a; of i^iy JLJLd •_•£$ ^!Ui . JLfcj ^ Uj^j liKi: 

. jliJl J**UI J ^jji* SJLJI .1* .dJB ^ J 

JUL OjSS Of oUUJ jS^, .ALU olj-i>r s/IJUl J s Jjirj l| CUl j^ 
.Binary ^'biJl JvJl f lkj Jtc U^ o^JtJjf f lijf ^ tS3 U 4 oUUl ^Jta .iil^ 

Jp OU^ Li- J**i-y iS/IUl -yi glyf sop SiUJl J fSjJIJUli jJik^ ^, 
J*tf-J .Mass Memory iJL^Vl S^IJJlj (Main Memory) i^J^JI s/IJJI :i_JpVl 
V* -4^1 0* SJJjil jjf i>mi oliUlj J^l JLidl jus g^i^Ji o> V~i^l S/IJUI 
.Lj ^Ll^ yy [CPU Jl jpijj "Jl ^] L^ ol/IJJI ,y ^J| |ju && Of 
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J ./.fell oliUj iUSHl LSI j\j> ^ i^i^i ^^j, S/IJL]1 5 ^f ^ts 
0-v ^jI* • > LSI ^ [^^ ^^ oS*.jll .uf] MOS s>4 j*xl-j cJWl 
ol^i! j* I^J of ^ ^PjJlj yj jju 400 Jl 20 o- WjJl SjSI-JW ^-^Jl i>jJJl 
= (MS) SJp-Ij 4JU j/^j aJU 9 -10 =(nS) sj^Ij U^U] .^f jjtf-j ^U; J«; 

.[iju 6 -io 

^JLi viilU iSSjiJl Jp CPU SjJLay iilSJL ^Vl v-J^I s/IJUl ^j-bi 

CPU 50^-j L«-lkfV l l t t. f Lifjt oUUlj g^ljJl o> aJL^VI ojJIJUI J*jcj 
ijJIJJl Jl Accessing ^1 .^jjl s/IJUl ^ jilys'tf &Lo J& L^ljf lyi 
g^U^Jl J_# iJUll *~>-l}\ ja . l-jjJlU.1 ^jiji\ zJm Xp i^Lv, ,_^U.I * JLj aJIs^I 
S/IJUl i^l .JLcd) v^J^Jl S/lill Ji J^ ^j ^|JJ| o>JJ iJl^l i/IJJI j 
.JaJljJtJlj Cassettes i^JoUill J^-Jl JaSl^Jij &l^k~«Vl ,y> i^-i^l iJU^I 

iJljJjJl r-jV »/^ u**J P"jV V^*l Jl tabu«l •/l-iU ilfeiiai* u^jj j~* ,/? 
UU- l^*lji ■_/£? jjl ROM Jaii S*lyJl 5/lij iil^JJjt UljiU Oj& jf j£c ^1 RAM 
..fcj V <l)f U^c O^J Nonvolatile 5yfc~» S/li ^ ROM SjS'li . oULJl l$Jl J>-Ja 
S^^iu^ ^ ,y> ij>o_j*Jl Lsiram s_/5li . LgXtl^S" Jju oU l^L^ ^ d~>- cJj* jji- 
ojisdl J *5b o ji- A>-U-i fjix-J U -uk^ 1 iilWl f^** 1 ^ Lrk^ -^J Volatile 

.Lfctfjf v4»Lill iJU^I S/IJJljt ROM Js, 

J^cu-J .^V 1 ^^ JUj V 5Jb> " J ^ (3_1) t ^ JI ^ ^^ ^^ 
ALU ii JS^JI jL- Jl J-V ^Jl J^Y 1 S ^ " ^J^ 1 ^ JU!5U ° L ' a> '- ,Jl 0l;U 

oUUl £1-^1 SJ^-j » -J*^ 1 cr^-' 1 •^■ | ^ ]l ""^^^ ' !jl -^' ^ jJ ^^ 
iulUl ^ Vri>Jl ^1^1 ^^J • i * idl Commands ^Ijfjf ALU ^ iolall 

a^^i/jb^i ii^i J^ r 5 ^ 1 ^'^ ^^ jl ^ ^ >jf :,JJ;il:,, ULSjt 

J J-xuj'^II JJ^ (LCD) iiSUI ol^l ^^J 1 ( LEE> ) oU ' 1 ^ 1 ^ (Rday) 
. ijjjl ^-l>l & j* jj V-^l ^^U ^ ^ Ul 

The Buses : JsljiJI 
14 
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i**# oljLil_jf oU^Lb* Jju <L-«j y> jJiLJ! jf ^-XS . JiljJl aJsu-I^j L«j**j iJ^-ljJl 
. v»Li j-ilc ifttf JiVl Jp jiji t c$j**<aJI £-lUJ.t oU^kjc jio j^ij . iiJa^Jl v_*w>- 

8 i*«j iiyw p=-JLm v^ 1 ^ viUJU ,olA>-_pi (ju oULJl oULJl JiU J— 'jj — 1 
• i^j'j^ V^si ^-J^^j 8 JiJ Jj4 -_yi o^Loj 8 i*-~j CjUL JiU Jl Cj'%&j 
J»-f ,y iUtfj 1 6 ^i oULj JiU Jl aJL»j 1 6 <*~j i/5yw» J 5 -"-*' 4 V^i ^^ 
oLiLt <ULo_j 32 <U*-j (_5jJiv9 ?xJl*-* i_JUaXj> Uajfj lSjIjJIj ^h^h **^y 16 Jl**ji 
oULJl JiCj .^jljJlj v^; *^-0j 32 J~»jJ oUL iL^j 32 i*w ^UL JiU JJ 



•j»- 



I Ja>- j\ JSU Jp iL-^l oljLiMl Jwii« jf j-U<w jl^-V ijjJl JiU J**iv 



5^-f -yi SJb-lj <y Register J>w t l^-iji iy^Jl JiU jbat . jjjLc J*4 _j4» 
iJjiJl JJI^J .oL-iLil Destination JL_s<au«jf jO***? fJiiwJ ^1 iojkdl 
(16 M) 24 2 jf pJy (64 k) 16 2 i^iL. by*l jf ,jS^j Ja^ 24jf 16 ^-i^Jl 
1024K = 1M j 10 2jf 10 24 = IK ^j^LU oUOkv*. J) JI>Jl Jo ^j^ 

.( 20 20jf 

j^joxdlj owipl oUjLw J^J-f j-^s . io^iiJ.1 cjUsLiJj ^I^j rt-S>J>«x]l JiU Iwaj _ 3 
._Jlkj IjuIi -tiUdl JiU jjSJ jf Jj4 -y . (MPU) <jja<a!I iJL-Uil 5JLs-_3 J[_) -^ 

. ^ J»>^ \JS\ ^JpVI J] S^Lp JiVl Jp 

l$~jtJ «lijj| Jp ylj^ r-Jk£ jf -_/x£ .4-AjivO CjVUoJI JajJaixS" JiljJl "^J 1 

Jil_^J -^ -[*erM J*l^] Cables «Ja il^L«f» cj%\S OjSj jf jSCcjf [SJL>-l3 Jiljj] 

ip_^J *-»/U- yl jjiJ JiU rt- jo .'. rf '. i _^i>u . i^U 1 »J4>- V oVLalMl J j <. m >> ! JJU jf ij>-jl>- 

UJ>'lKII jU&J (jAAilrt 

t(CU) j^S^dl SJu^j : iwiJij j-^li* i-i> i»UJl l jJ>\ J ifyi i-Jj-^U- i«jJa> J5J 
iiU SjI* ( _ f ^J) ^l>-)flj JU-jVI oIji>-j to/liJl i (ALU) ioLJ-l L2kll Sj^-jJI 
JiUj iyiiJl JiUj oUUl JiU : JSiy Si^ LUIa Lj-^y *_« J^jj ^bJl oJla . (I/O 
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A Simple Computer himt u 3JL* 

J 1 a^U^Jl .-^J- of Jap-M .(4_1 J£d1 jliil) Pocket calculator «._~»JJ L~>\J-\ 

i^s^U awU-I *W «/» -C 3 - 1 ) J-^ 1 J t^^ 1 «y ili <--&£ (4-1) JSLxJl 
Lui iuLJ-l uJSlbjJlj f£»cJl jijj CPU of >Jb" . S^lJJlj CPU ja V6 H\iJ\ -jWto- 
^A^aidil uiJyJl ^ly-^lj JU-i^J (»^>«x)l Ailij f JUB . oliUlj ^U^Jl o/IJJl o>* 
— Jlia i>-^J ^yh L> JUoVl SJb-j . ^■Ijst'illj Jl>oNl oj£>-i jJ&dj\ ( _ r «odJ t^ilall 

cjLa«IjJI iiLi ^ Trl^l 5Jl>- JJ Hexadecimal aj^Ui-. (Key Board) (r\zi* 1 6 ) 

. oUialj SJUi LED 

^jIs Jj Li .o}U~Jl r-H i. Lit ^yu Jill IJU t CPU j 5/IJJlj jrl>Vlj JUoVl 

JSLiJl ^JiJl) Jjbll ^LL: ^ v-^ 1 *W ^-> Jl 'JLj -^ ' iJuJI IJLa JJ& _ 2 
. o^>w. ( _ 5 *~J is-»l^ SjS'li j^cs- J 6_pr '* i -~~ (4 - 1 

SjJ-U LjJl Jj-^l ifs. tXjJj> o5U-i cLriy t i>? CPU i^j JS 

Hfj SiLiJ iZJ^hf^-i\ j« i*_y*>«ll oJlA J. o . w' .^ T . ipj*JI iiJL JiljJ JI**X~iIj 

j S/IJUD S_,iyu apj-j (^f ,_j» oJ* .L^yi ,^ll oULJl jf oU^LxJJ cjLLjJI 

.gJUll 

J>~JI ojif . Aljtil a-» ^J W t>^ f^jt 6 i>* *-*!>* <i^ ^ J -# <^ °^ 
jUl J^- jijtvi oL*-Vl ^ Jj .- t x t - t + Ji* UjUJV oLVJI JJWI 

iJUvJl ijwji 0J=L jlill oUUl J>~- Uyf J-jCU-j ..Up Oji- Ko^lil ^Jj 

. oUU*U iJbdl gJbJl ^ <5f <i~- ^i^il ,^^j 
S^l^al ^ikil ^UjffJI J»i» (4-1 JSliJl _Jil) Jlill Ula ^ i/IJUl ^ 
li* o>i . gJlsJl o^^j oLLJ-l jlsjJL, JW Jl iJjl Jj/j ^JUW ^ 

. «l*j Jp ROM (SyEUn) S/B J ^-*lijJl 
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Jlill 1>-J 




■ : il., n «ljjl ^j*>j? 



81 SI SI 81 81 81 81 



o5l>- 



SjSUli 






(4-1) J£jJl 



.(5_1) j£iJl 



_ 3 



_ 4 



JjMl J.UJI 


iUill :,Li1/l 
* ■ 

J»LUI J» II 


iJtUI J-ui 


I .,.. 


"U" 


1 oUUI J^- 


Z oUUI J*~, 



(5.1) jSLiJI 



(iJU-l 6JL* J +) ilpliJI SjUVL JJ^ll Lf ->LJ-\ £-">l^l ***& Vl^iJ TF-*^' 
Jki£j /«-*>-l J>«^ '-^r* - S^IJJl (j 0_j_}£ y |^ ,*-*-4"l fr-^J. ^'>-) J u Jiiy 



_ 5 



17 



J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



JSLiJl J a^j* <J*J| o J* . £_l*J,l ^jl, ^JUI jLJ| oUUl J*w j i^jsJl 

.(18) 

J»-j' tArf^ 1 J 1 ^ 1 t^ U~>* Op- Jl c> IjJI t^- 11 J vM' *s«8=dl ^ 
J^c-vp ^iJl (Clear) ^i- ^-Li. i^U-l oNVl »_J^f ^ . sjua*- U»* , U-j 

.hinull ujuiLaJI __ ^LaHaJI 

»>• ^ i/> ^*>^r-Jl . J>~JI j* t-iu>- p4i* J>of joJ . ^^lsJI t-i^UJJ iiii^l 
.Jtff J^sdij S^I-DI oLU* o'ill )J1 a9*i- .v-j^U-I fUi; J 5/1 JUL! ^^Al J^JLdl 

The Memory SjSljJl 

.SjSlJLJl J 

Memory Hierarchy SjSljil iuj^ll iLuiuJI 

^jiJ.1 L»f , iJLs^l S^IJJlj v«*v" s_ r S'IJkJl ;i^\Sii O^Lr—* 0^1 JJ- l^ivoj JaJ 
bo . ij-U-l aJVI Jb. <u^ai JL2i _ i^l aJLUI sa^jj iJU-Ul o^UJl _ dJUl 

. oLyiJil oJm. ^ 5^ OVI ^pa*^ 

fj-l ^ J& ,_^j . ALU ioLJ-l iuikll iJs-ji\ ,y> Uy*- iJU-l Jl o}L>x~Jl u ■>& — 1 

(J| r- jjJjJI ,j^S «L>Oj*ill <L>-LJl j^ . iup^ull o^ijdl oliLJl SySlJl] lSj!~* 

SibJl J Jbj-jj . iJU _^Li 100 {j> Jit; ALU ikJjjj iJU-Ul o")U«~Jl oL^- 

.(64 J| 8 ja) iJWJl o}U~Jl j* JJi 

oUjjSU.1 J^ JS\ j\ oJb>-lj J* <-~£j>J <»J&1.\ fofllij «U~*^' SjS'l-iJl a^b t _ 5 *-J _ 2 

. _ CoIj _ Byte &U- ^JLS - 64 JJ 4 Oh t/r-Jj*^ i^"' r-j'j-i • W*'^ 3 - v-^ 
S^ oVU- J J^I>o" .SjUCMOS jf MOS <^ jjAi-\ cJjJl J S^IUI s-Sy 
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— (J* — tSj** <— !>—l*- SJb-jJl ( _ j *-~j 5JU-I «JIa j . r-I^Vlj Jl^oVl Cj}L$~j 

Jp t_)j^.U-l ^Lp *_o^ j^wax; il-w>- tMicrocomputer-On-A-Chip iilij 

350 Jj Lb- iu,Jlj Static fcSUl RAM ol/lll iJ^ r ^ 2 ° uh L. S/IIll Jl 
Ja.,.VJ iJUiJI RAM ol^Sli v^^"] • Dynamic <JUiJl RAM cAJ\ JJ SJU ^U 
^ WUIRAM oljS'li Uf . oULJl oy>- <Jp ilaiU^JU <_Sjj:> ojj&\ Reresh 



JJ 




□ 






1 * 1 


1 ,2 














'fflWMIMPM 


'//////ma + \mmft 


Jbru 








1 + ft 






LlJ 


1 ,a 





0_J>- Ol-A>-_J J .H. O .J . iJU> dj>- <x-oJ ^aiixia ( j*j jJ_)J iJU^ Jfl ljS\ .ill Aa. « .>>.. J 3 

Oli« toil* Js>LyVl oJUo ^j^suw jjjil .iJljiuAiVlj J;j>wdLl j^JaUdl Jaj^Jlj 

Memory Access SjSlill £jJj 

i_A]kj J. ; sU-.« oUjlvo 5Jb-j ^ i*A£]l> . Words oUJi 1 ^ LikL* s^S'lJUl i_-jjj 
^JUl ^L* |»ij ,y> iLajJl Of _/ij" :<U»j 16_>f 12jf 8 t ^) cj^U>jJI ^ jOp -yi 
Cj%&j 8 cOt^s^j jjUill ji ^ji-^all /tJW-I <-.J.l 3 . " o . (A>-ljj( jA*9 io-iJl -l>-u 
[*Jj £j%<ej 8 ,_,» CJ^U-sj jLiJI jJ ^ywiJl mJLjuJJ AjjLa>Vl ioJKJl i*«i . oUL 

. Cj%^j 8 Luli ti)L»Jl ■_>■* vfr 1 ^»J ^jLiJI .P tJjJwJl pJUJU SjS'lJUl 0l» liUJJ 
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.JS\ ^k> l^-j-G <_i^ .(7-1) J£dJl J ^ »>IJJl ~*-k-j} J»kil (^Jl 
taliu.1 jSLc (i_jh£J! li* «_Ji>t J iSy^> j-Jl** r-ij*^ 4.U.«.-»»; ^jJl) cj%^>j jUiJl 

7 Jl >^ a* ?*j J* J4 • 7 Jl >^» o^ r 5 ^ ~^ m 4 ^ Jl t^ 1 viUi Jl 

.US3I j iL^JJ ^UtJi gjjll 



ij>li (U^»j 16) 



-p" r 



Sd^lljt ikflb fiidl JjU|- 



il 



-4— iLtfjll ajj* 



I* 



oUUl (o%^j8) 



. iJjjJl t^* 






(7.1) J£JI 

J/IJJI sj>.jJ .^^akil pJidl 



The Rightmost Digit (yL.* iU»jJI) OyJI ^f ^l Jtc ^'Ul J«JI fUiJ J 
^y jS$ C--JI IJU .l»0*j j'2 Jtc ^l ^ jLJl Jl aJLJI *UjJI i°2 

ta jusJi Jl uyji ,>. ^ajj *-a l-JUj 8 Jl (0 «y ^ 7 Jl >*" cs ^W 1 

.Oi*JI Jl JUJI j^ 

j JUKII ^J^. L ^- iJ .1^ ^Jl oUKll &bu oU*Liol»J f »/ 1111 **- lT^" 
(1) yb l^lj jJl iJ&Jl <3I>*> >*JI y* 2/liJl J US Jjf ol>*3 .l^ljU. 5_^dll 
t 256 ^2 5j2Jl & SiU 5/lJUl w ijSo JJUJl J iJUilb jUS yL-Vj .li£»> 

.US4Kjf IK *512 
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JiJy dUJJ . LaI ^ sjJ- of t5jj^ill ,j*i S/l JLil J <J5 oL>* fyiJ of J?-f j- 
24 jf 16 -^ ij?-ijAJl iJj^JI JSIjJ /j.«..tf-j tliL. ^i ^ .ilyjJI Jib S^Sli 5Jb-j JS - 
}y .£*ja (16M) 24 2jf (64K) 16 2 iUJ ^Jl^. S^L. ^Jwi of J& \+\ d*»o Ja>- 
] 32 2 i>UJ />Jlj» 6v~! £-«-«j Lf iJjloJI J»jia>- ■>« 32 c*JL»j 32 Jl oli Jjli Jl (J^ju 
cJl£ lil .Ja»- 24 Jaii oU^Vl /»aio-J ^JUl cJJI J [Gigabyte iiU- (OjJU) 4G 
. Jif ij^ip l>Ja^ JUjcu-I -_j5Cc 64K -^ Jif iJUiJl 5_^S"1JLJl i*** 

£j"%*j iLS^ij iyiJl Ja>- Jp J—y tSjSliJl J AIjw US JJ £j=r Jl J^-f j>« 
J JJLtf. J} AjjUll JiU ,y> ioUJl o'iU'Jl £_si£ . ojSlJJl J iyp J.I U£l\ 'o\yS- sjj- 
SjLiJ Ju piU SjLil Jl iU«^l . s/IJJl J jJbJ,l dlyjJl J iJ/SJI JJLJLI jb£ . iitfJl 
U*p ill*- j .S/IJJI J oUUI JiU ^ iJ£JI t-=SS lil^Jl-iJUjJ Write ^1 

.oUUI JiU Jl S/IJJI ,>. U£JI f>" S*lyiJl 

iili J iJUiJl r\y^)i\ ob-f Jp 5}*l>- oULJl ^wu* jJ>JLl r-jJjJl j-«j Jbu 
JiU *_* iJUiJl Ol^Vl olft ia^JS . (C}U>j 8 oUKJl ^je- 0j£> Ult4 J) . ojSIJUI 

.oUUI 

5jS"li /^ i>-jl>- oULU >2J%0j 8 iui JI>-jj lili : ( _ y ak , ..» Jl^. till of Ll* -jSCf 

iJp ,ju 5j*iL» ii^* -A>-jj "^ i[ . U*"**^ V^ ^»-fr* *^ a * °*^* ^oifi^ *b°j 1 6 /» I"..-." 

0j5u Of ^? . i**>\>- o}Ua£ J^A>- oj^ ldUSo" />-i\_y jLi>-V J*xl«jj 5^S"IJLH J Ui^» 
■^ P Jl iUj Jii L. ^jlji J> ^f jUiJ.1 ^jil Jl JjUII oUUI iJS" j_p» 
J .o!)L^) 8 x US 64 Ja2i ijJ^a i^SYi *i\ij j*^ Of ^s tlAJJU Ji*5" .o'iL^JI 

) i>jtii^ fcv- Jlii Oj^lJUl oJUb J ifcJLS" jU>-^/ >_JjJLlail ii^jJl JiU <_,.UaTo iJU-l oJU Ji« 

j«*&A.\ JiUI IJu Jo J^jo" of jjSlc jJl 64 Jl tf b\y* J^U Uj^cj .( 6 2 = 64 
dj& of '^-Jr-y 1^1 . »*l_^ill iJL**- ftUJf Sj^lJJl iljiJ oULJl -^ cj%&j 8 JL> 4 4jyj>JLt 
o!Av»j 8 iaii JU>-_j Jj jj?- jj^lip il^sj 16 ^_. lk"^i r-^>y 64K Ji« ci«--lj o^IjJI 

. oUUI JiU Jp oULU 

oUUl f-J>yj AJyjJl JiU Jp iJJ-; ol jjixJU . XjL^II *JLp a-jIs ^yc-J Up-j 
cjUUI S/IJJI <^jj (^>dl JiU ^ S/IJUl Jl «i_^li y>\ J-jj .oUUI JiU Jp 

•^.Jl .isHvO^ll S_/jliJl *J\ja J (Lit* J iZJ%^rj OUj') OUUI JiU Jp ivijyJ.1 

SjS'lJU jJUxll -^dl 0j5Cp .S^iJJI oj.p •jj.j ty*— j SjS'lJJl j luULJI L\& i_ijUj.U 
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RAMJ^Vl dUo* .fill, SO J 20 Jl_p^ gJJI\ ^j ^ J^tf 5j U *JbuJ| RAM 
jrjs* N dJUJU . iJUj 1 2 J«s 4K oU5 *^ UUafl . 4K &> Jif oUaJ.lj ^-.UjJU 

JiU JajCwV .gV-Nlj Jl>-a^ll o_^f Ji. Sij>Jk\\ Jily £_, JaJjJ ^f ly^.\ 

jjl tiijJl *>-j Jpj ijlf»- <^f ii^J aJLjc^.1 •_/£* Jj s/1 JUI i^J i^U J JJ>s «aj iyiJl 
-oL j.U JSLio La J>~Jl lJ^o . i^l Jil^j £_, JLj^ ^JUI jl^. ^f J^b J j^ 

i^U -y. .oUJ5 4K ^ SjJIi ^* 4K oli S/lJUli :K ^ jL* Li :%] 
iijSCll ^Sj 0i>- • CjUK 4K jj-Jj Cj%s»j 4K J* 4K i*^ S^l •> oli li\ij\ ^jj. iJli 
iiJj^ oUK) oD5j"I ii\e- ^>H K tojJIJJl iojlaX* j5i l j i >j o!)L^jJl ,i*j K i(i»Uj) 
ijikll ^L>Jl :Op ^ K of jSJb* .(£-11*11 ^ — s- t"5bi liUoj 16 jf o"5U.j 8 ,y 

■Ml J^ 
jf j£s Jj 5a^ i*JLS' s^SiiJl J &$_)£ « Op-Ij i»jL»u J^i of Ijjj^At ( _ r J :UU 

JJ 1 -j* *JL>«i-J JjJI oL-JLdl ipj^sft i^-lk"J . Lj^ oLvLcJl iw^^^f jf 4*}S Jiji 

•_^ Jjl>- _ 2 oUJUJ \jX Of J^-f ■y .S^LUl o%^j -y 24 jf 16 jf 8 t oliU- 3 
o^SLUl -y i«jlru B*lyJJ iJvxJup JJ ^-Lyi t^yusdJl wJLjmJJ *£>>& SJl^-j JJ S^IJJl 

oUr^l oUjkj» J i*?U- AAJij iJSCJl Jj>-li s Jo-I^l iUojJl oli ^jJU : UC 

AjjA JJVl iJL^Jl ,c»-~J[j (0) jjl^Jl SJUoj silp (_j*Jl Vj^' *JUa>j jjiu .iywJl 

^>J . oULU ^'Uill JJUdl J a*J Jif J*ii Lif d^>- Least Significant Bit (LSB) j\ 
.The Most Significant Bit (MSB) iSy ,>Vl ^j 7 JL^JI Sj»U ^^-Jl ii>JI ^j 
oU-Uil ,y jjSSJI jL^-^li ijJ^ i»j^ >Jt L»U U>> MSB j LSB j^ J5 l_^JLt 

iLs>j **J itii j~£ Of OlUj 8 Jl CjIJ i>jk*ai\ oli-Uil i_J*f » - Ja . ;^" . ijXsdJl 

^yt iL^jJl «JLa 0j>& Of oiUaj .L^ljwjf J "oSfrjA cjUUL) (MSB) (^j—JI Vj^' 
Ujap J*ax-j ^JJI Two's Complement OcJ^I i*i ^o; J Sign Bit ojU^I ^U»j 

.jIjl^VI J^ 
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JL«i-*I *.»!** JSSVl olill il^Jl ^ Sjj* JiVl iL^Jl (LSB) ^f >^ iU^Jl 
liA .Right-Shift Oi*Jl j>^ Wjl y** *l^l jl*j ALU J^b U,L>.| •_£$ ^1^- 
iL^JI *Jy J Uf rLr^'j JU-aifl o^-f ,y Status o«-^>jJl oUjJLm Sale ^Ji; t_^J| 

.(0) ^ aJL^JI ^J^ jjf J>^JLI 7 

iLj^uJil cjIjjSII <-ib*j AjXill Techniques t_JL»bU i_i*ay dJlill A^aill J 



SjSl jll _ WUkJI 

>—«jjL>u jt I /».liU<i . <ajJoXaS} <LiJjjJl j-/»U*J! *-j#" L>tv9jlj I oj LL^»j Jlil 
H5jJuaII jJUil a-wsj i-ii" ^jJ AOixu-i t «oJ» ^^^iwaJl «JIjcJL) i^iL/Vl obyiil 

^^uaJI gJUJJ <UuiluiVI tiijUUI 
Basic Microprocessor Definitions 

i^jJIj Hardware (4~£rJl IjJl) i^JI t olsi li-i^b SJlxIl 4*^11 LjLjLdl c~J, 
^JUllj LSI ^_-.lj tjLkJ Jp £_-*»dl Jl ajUJI Software oLf I^Jlj Firmware &e ^il 
J iLw. Acronyms UJIjVl JiUJVL i>S)l j^-j; ^Jii\ I jl* JJ isUJ : ^-^,) , ^^i^Ji 

. (ejk£Jl IJL» ^ (_,) j>Jil 

CiLa^ljJIj &a-«j4l iuillj iuuSjiJI hlxi\ 

Hardware, Firmware And Software 

■ g^ljJlj ^L^i^l J^j . i.jkJU iolll oUjSlL (SyjJl) 4~5>dl ijJl jJUs 
ijJl) £>UaWl OLs U^yfj .Micro Programs i^aJl p-^L jLcxs it^il JLJl Uf 
£^JI viiJi Of ^f iiui 5*1^1 ijS\» J o^ g^Uji ^V Uit UUJI J J^c^i^il 

Oii L*-iji oj ^j . gJlw ^V j^SUJl 5^-jJ ^Iru g-.lj^ y> ^yi^l «_*U^Jl 

^f ^u WU ^Ak^'Vl) . litfUJl -UfjULl oUJjdl 4Pj*f *J»ljL, (^yLvaJl p-.U^I 
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l Jajci J»*i«J Of j£s ji\ q-^j^H Sjijil oLJLdl ^J\ ^ oUJLdl if-j^jf- 
<V V J^Jil J .«2 J^ — II Jl 1 J>«~JI ^It Ji, Will Jl i^L. Orders y \j\ 
.iaUpVl O^Uj 8 Jl ji 8080 ^yu^Jl gJUJU oLJuJl ^jtf 

ii>-Jl ^JUJJ g-aU^Jli .^>-a1I jJUJJ Uu^ ^ n^^Jl £^>U^JI 
v_jj^ULl 2^»Li^j \£j*^\ £r^' £-"^ i* ^-^»b <ij* -^ji ^ . p-*^ji *t»L^ ^ju 
iil^Jl "up ijj>*-s<9 ^1 SjU ja ($jk^i\ ^JL»JlI £-»Ijjj Of t5j-< Minicomputer (_5_^waJl 
if^l <_JL>fi . ,jjyu/aJl i-jj— VJ— ( 2-«Ujj *j (»ji l£ J5f iikst lIjCj&c *i^>o of •_>££} 
am J *jf _^p L.Uf l$~i; ^ ^^waJl i_jj^.y-lj Microcomputer^ywaJl ^j^UdJ 

^j^Ll ipUll gc-x.U^-Jl -^P foil vl^s- -y. <_Ak£ <£^JI 7C_«lijJI of ^SOJ 

iU£Jl *i\ij\ ji igjk^ii] g-IUil J tLp-iji i^ywill p-^LljJI _)^ .jU^r 1 J**iJ. 
<p_>-*^ lijj jvSUcJl SJ_j^J ^-jLsJI (ej^ia iilij Jp ifA*" £-"■**) Monolithic 
^^Jd K^jJwaJl g-^j^Jln ^AkvoNl t^ll^l tOi**^' u^V J«- « - " ->«j -^y^ll '^ J UJbcJl 

. ROM JjS'l i J by* jf tSyw k-i^-U- Jp lij *-al^ i^f 

if 

Very Large Scale Integration 

jLcjj oLju-JI j>-ljf J (l-Mr ^-—'Lj iil^" J* £-***?■*") (VLSI) i_JLif o^^t 
iilij Jp Transistor JjISjJI oULw •y 20, 000 Jp JOjj U ■w-S'jd ioJ^-il i^JdL 
*b>j 32 ji t|jis<9 £-JL»-f Jh^' CjULw» -y 200,000 •_,» JS\ ^j, *jjl .Sj^i. 
. J*aiJI IJla J U^-V <ij-^« v.-wsS'jdl *JLp .Si^jls 5*lij Jp ■Lsr'sji 

ii\iS ojIj -Ui 1947 _ 1946 k~* Jly cJl5 JJUI^Jl oLoU^. j^L. Df kt--?-j 
SSI iJX" (*J Integrated Circuit (IC) iJL-LSodl jJljjJl Vjf o^U .jl^*i-L olJ^Sll 
JUaJ Jp j*_;a^jJI) MSI I^jC »J (Small Scale Integration J*m» Jlial Jp ^v^dl) 
VLSI j (^—.Ij JLlai Jp £_~*j>«JI) LSI oLi" *j (Medium Scale Integration ia-jio 
. pjl *L»jcA\ Very Large Scale Integration (I ^ ^\j JUaJ Jp ^-*»cJI) 

»UapJ -^ VLSI j LSI j MSI j SSI Oh *JL^ ijJ*- *yrj ^Js- # ^L 
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. i»\ij J5 j JJlij oLlw 1 J] 1 = SSI 

. jS\ij j.Lw> 500 _ 100 J| 10 = MSI 

.JStfj (.Lw* 20,000 _ 10,000 Jl J!l*j fLw> 500 _ 100 = LSI 

.Jllij flw 300,000 _ 20,000 = VLSI 

The Microprocessor i$ju*l\ ^-JUutl 

olJb-j Jl «U»j <LdiajJLl SJb-Jlj £rfL~=M oJb*-JI iiji^j />^Sj jJl VLSIjf LSI AJj£a 

.SOp-Ij iilij Jp I,. aJsJJJ ( ^5^>kxJI 

j^ixj Jj UJ^J^ J*Vl <Je- ^^^waJl «JbtJJ «iUl£Jl oULS Jl» i^JLpI t-JLk"J LUp 

<* 

Ja2i ^-J Intel 8080 SJl>-Jl i_Jku" }&. . iUlS" oJiu j iLkjj piJ #%' jb-Vl 
8228 U»-jJlj l^jjJb Jl tfL»l 8224 c-ijl Sy'b (JiVl Jp) UJ ^j 8080CPU 
Jy ^JLk; Intel 80286 Ji« Sjjkdl *JU-j 16 Jl ob tfliJI j>- . «i*^idl J*UJ| 

.82288 JiUL ^S^dilj, 82284 oJy 

jj^jjJ 4k*Jl <&£ (ja «_ij . (8 _ 1 ) J£jJl J i^» jJ-iJl gJytvaJl pJLitJJ Sj^Jl 

.ky .Sy'ljJl Ifclp ^J J5CJI iJLku~. ((-Jtijf) j^JLJI -yi i*ks ^ U\SJ\ . iiU Jl 

Pins OL-f JI>ol -_/>Lc .[0^1+1 ,>* ( -»^* > ] DIP &j& *)\J-\ <d* J 4 o^UJIj i»\ij\ 
8 ob i^-iyjl jjywJl oU-Ull iiJUx« .yM Ja-uy jf r-J Jp t-ijii)! J S^iL. vi^JJl 
32 Jl ob SJbJLJLl iywJI cjU-UII liJLUc . 48 _ 40 6L*-Vl ,y> ^f U- *Loj 1 6 jf 
x_j*>»J Co».,<j <i£JL« jLwul oljja./ic ojLp- tjujuj /-*» 100 /y _^5T Jl 8 /yo aJL^o* 

. otsL^yJl -y ^S" jJU> 

iJtWl j-o OjJL&l «— JaJl Jj^b iilijJl ,_££>• Jp j JIJ jJI SjJwJl *UaJl oU; J.I 
•y-*J 4*U-b ipjJw SjJIi j-p Oli—Vl *_» obL>_Jl oJa J ./a:' . Pads obL>Jl ^ 
4-^-jljLl ifJrl Jp obL-Jlj iJ^UJl (^ ^Jl obL-Jl ^ i^o jJ^L,f Jaj^J . lJ^UII 
DIP OjJU-l ^y tJ'sUJl DLu-f p~» ULj^fS' isli Jl J-^y ^i^Jl <Jf: . !-«— ^ isli Jl -y 

. «._JJ.I S_/il jJI Jl l^fj cjbL. Jlj iujkJJl il^UVl ^p 
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Manufacturing A Microprocessor ijj*^ ^Jbu ^ \ua\ 

(Metal Oxide [OJuil -V-^ J* cj%*j\.\ «Lif ^ MOS ] MOS L& ^JJ>^~J 

jj> SjJlsaI! <*laiJl ?«-lau- J* ii>-Vl oUjillj JJlSjJl oUUws ^aJ Semiconductor) 

. LSI Ajyt^l 
A..'.fr\\ , J> ,jC~^ *j . A-^wiJl aJUp iilijJl Jp JJlijJl j>Lw? vs s j j " £-***! 




(8-1) J^JI 
.OL-fj ^J^j diwULl J* vJ^tj aiij :^>*)l gJUil 

Making A Chip <£3tfj j-ius 
Sjj jji ,jl* jjjs . dj£±^\ & h& &\ y v£ M0S v 1 * cr* ^ ^ l & 

sop At[ ^s . Wafer aZJj ^t-X \^>- ~^j kj^ ^j^J ^ ol A C -5 '^ ^' ^"^ 
ii^Jl oUrl^JJ JSUj jO^- JJU^I «-i* .k> i^j o* Chi P s iW •>* oUj -J a 

^.LLo U*p ^j Photolithographic ^^1 <£^J-I £-JaJl «]*-l* *VjJl J* {^f 
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(jo- .jliiMlj A-^wiJl iJLc »Ujf (Doping , < ..T > .la:.ll ^-^ 5JUj«JI oJL») Impurities 
Jalij J* iiJjJl jU>-l dUi Jbo (_5^4 tiyj^JI (J* *JL»L^JI t-Jijill J-iCio -^ *l$liVl 

jJaiJ i>o-lJ oljLs-Ml dj£> t^- , *i>»jJl jSJ^ ijj «-il_^tl J^ il£jL» isoL?- JL&-\ 
iJ^lv-f ikJjj J-^jJj Package tj"^ J* iiUj J? J^£ . iiyu jJUj Jl j~-SJj &ij\ 

y ^11 i^j^JLl iiUVl .^Jlfdl jL^-^J £_*wij uiiUJl ^ viJUi Jbu .Uu>J.lj 

• A-sr^ J- , ">' H^**i 5"^^" oljUi^-lj 

PMOS jJli^Jl fU*» v-^SJl 

.(U>.n/ i^^L* MOS oUB •>. ^y-Ml £^1) .P - JUJI Sj^B ^ PMOS 
0>£sLJI ,>> N-Type JUI ^yJl L.Ji^». PMOS jJlijJl ^U^ (9_1) J£JLll Ohi 
*lwi) (Jj-yoilj *-~il *LiJl J*-f ,y i-J!yJl ^ P-Type i_^' f>^ (^ li-^ 1 
,jy*J\\j Ojj_>JI ^ jt^kJl J-»l^* .Mask f-UL jJ: j*^" of v_-jft jJl jbLdl . jJtfjJl 

.JLijj^l'ill iuiVl fJ^U«M SJUjJ^I iJL*»Jl Uf tO_j£~l~Jl J* P-Liil /uJaj 



OJUu J— 5jl o^Lojll iLil 



»jL 



JjUl 



A 



wJUi juii 



v__J±r 



jy^LI 



OjSyL — II ij^c 



(9.1) JS^JI 

-Up ^f «jJ Uif ION-Implantation j^Vl £jjJI U*p J*«i»J . Silp ^jl^J-l jLtxJ^/l 

-A^ 1 ue* Iw 9 ^ 1 ^J* 11 »J> ■ Jo^ 1 **.r- ,>->^j JaWI **- Ji" dUJb c^-Ul U 

. Accelerator Jsw> ^.Jkaj v-r^ 1 *~$U ULjcu-I -_y5^ V d^>- fj**Jl Jp iiK 
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Ai-t <-^-jXj c~£j £~?- JJli^Jl *Lw» (Gate) ^>[> jjj (9_ 1) JSLiJl Ja-y J 

t5jJ . «— -»LJl_j A-jJkl Ojj jL>«Jl jLj .la., L .»T. ; jjlJu jl ^jjLSjJI *Lm^> f«-ii> . Oj^vJL*Jl i»i Jp 

J aJLJI j>*Jd\ $js?j v^*"i • vM' ti* - f-r^' J! V"*^* <- 7 J'*" -&**'' <^" ULj 
tdUj -jP «_Ij . i-ij^allj £-^il ij» JL^Jl Jp (Holes Olyu) "^fry Cr*"" 1 •A**'' •—M 
i_>-v» (jfjlSjJi (»L»-s£> ,y*»~i L* l-i* ■ (jpuy' fL*** p- » *y i-jj-/ul_j *_ .ill ,jij J^«>jj JUi 
^-SiJ ujlkiVl jS3 viUi a-U Lsjl. <y> JLaJl aJL- jjli^l fLw> UO . PMOS JUaJl 

.(10-1) JS^JI J OeleJ 









N <JU N 



^ijsy_jii->^ 



(10.1) J£iJl 
JUJI <_JL- jSlij »U*» 

.(11_1 J&iJl >Jl) Lattic SjSLtJl ^111 oUVl *. 4V -tll .UVL O^JLJI ^ 
Jp (1A° = 10 _l "m ^ A" 6 000 Jl 5000) JU-SjVl />. aSL— lU> ^y ^ 
..^LJI Jp vr>l jUAl j^ ^-^idl %\ J-x^ .(12_ 1 J£jJl Jul) Oj£JLJl 

AJvrfi L-U.?- A4J9 v_~^jj . Jj^I flw i_»^l«J £-Ji CjU-L~« £-w3J V^' akw^ 
JI-/J *j k .IfrwJso i_-£ ^1 CjIp-LII £-JaJ £li J-jCUjj j^LJl x-Sjl A*i Jp 

ju. .(13.1 JiCiJl Jiil) y}ls*-£)l >J-L L****k; v£ (i 31 ^^L^J ^r'jil -V-^Vl 
t 0j^JUJl Jp J^-Jb' AjPjJI vr^. L-JiyJl liiy^Ll oIp-ULI Jp ^-JaJl j»^. ^Ui 

.(14_1 JS^iJl jJiJl) tijl^-l jLi^^l aJUp ^.iJii^L SjIp 



28 



J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 











LpjJI i_Jl— ti^S-L- 











(11.1) J5L5JI 
jjiLL...II <u»p 




(12.1) JSLJI 
Si0 2 tfL^Jl i^l JjVl JL-SjVl SaJ. 



jyiii Ojsy_)i 



.jM 1 ' Jr-Sj'fl 



5j_ji>»il at-LmLI 




V-jJI i^JL* OjS^s-* 



(13.1) JSLtJl 

jj 10,000 j^si Uj) jjSULJi i*» jp jl^SjVi ^ 4£*w &lL> iju oyi "-^sy 

JklL Jku- jJl oU-Lil _^<d JbJt>- ^Li J-jcl-j . (1 5 _ 1 JS^tJl ^1 A" 15,000 

■_^ iiJ^ i«J» oUii *i . ( 1 6 _ 1 jsUi J&\) ,^-iijii «I* j ju— ls"Vi Jiy . l£>-V 

.^Uljf Sj-^-Vl SJL^Vl »LJf (17.1 j£jJl ^1 A" 1500 Jl 1000 -yi) JU-S'jVl 
.(18-1 J&tJl ^1) 00*11; *^Ja]l j> JL~ SjJIjJI ^L £-. J^y" 
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(14.1) JSJJI 
jjl>-l jLtd^li ( » s *k)l -^j 




(15-1) JSJJI 




(16-1) J&tll 

Jji iLfr'iji ip-J-Vl tw— jj (19_1 JSClJI) OjuIL »}UJI Xp jj>-Vl j^kJl J 
^l JUiJ .oy'lJdJ cj^-Vl oUjSII £_. ui^allj yUlj ^_dl J^jd ttyt£U oU-U.1 

. jilijil |»Lw» <--Sy ^ 
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( 17_1) JSLill 




(18.1) JSU1 





u-ull 






SSSSSSSSSISSSS^S^SSS 1 ^^^^1 ^^^^^ BSBSBStf AAETAl jiS 




^^K^^^^k^^^^L-J^^^^s^^^sP^^^ 


^^^^^^B^B^^^^^^ lllllllflliiliil 


p p 


N o*^U .Ul 










(19_1) J5UI 
jSli^Jl *lw> *pU« ^ i.uJ.1 *"5U»i *lf^l 





Technologies oLuSUI 



:LSI j MSI cjIjl>-jJI ioLv<» J mJUjc-11 a^-J^I oUixll 
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PMOS 

<LLIi oUUwJl oJj> j«jj«x«j . Jbill i-^-jj> ,jjlijJl plw» v_ -S - J l«j Liv<»j JUJ 
Lj icjoll ij&Jl ^ PMOS . vV*£Jl J^J olyj SUJJ vrjil ol^UJ aSJ-\ 

obLUil 4pLu* J {-"•& C-o-Ai^l Jki] .LiUaal C~»M^i^\j IJL>- O^ji jJI MOS J 
U\iJ j£\j\ JL'lij (.Lw. 20,000 g>-) Sjbr iiUS PMOS iLJS JxC . JjVl i>ywJl 
Sj~q .NMOS Ji* oOjwiA-l cjLixJl *-• Ifijju* jup L.„J &Jaj ^^i v±Ui *_^j . (SJb-lj 
*}&>•* dj|J>«^U £_*~J ^ dUUj \x^ ifij^ {fU^** of Oi^J.1 t-u^ ^Jl PMOS 

NMOS ijUJ 
oljAi j-Jj oLJjj^Jl fJli«i-J l^V PMOS ^ *jj y^l vi^- ^y ^ NMOS 

oU-Uil /»l J>«X»J ,ju Jijji j—»-f Uj-fcP j^Xjuj SjUr AiliS' (jlnu ( _ 5 ji . cJt^j^S t^ 1 *^ 
Jlo Uj^e- ojjpaX* C~~J SJj Jj>- ijXi^ - ^j ,^^U-I <jJ}Jl (J SAiUilj 4mjJ\\ <U Jt^oJl 

NMOS iiywJI obLUll J -LLJ! ap^ J-^J .Oi^l £-& ^Jujcu-j Vj PMOS 
ipj^> 1-a.n.^ _^J^J Jil (J* l5jL-j W^J^ (_y*J ■ ^*^~ J^ *^Jj^i" 1 ^J^* - i^-i>»JI 

.PMOS ^jk^\ ^JUil 

>rJ> t^ 1 NMOS J £-?)\ .bVl i-A" ^ 'HMOS ^ dlli, iaJUdl oLLUil 
j cJy 5 _; oj^jll Power Supply JL;L_^5Jl islkli _> ju«m SJb>-^ J*ju" ^1 _,J|jJlU Intel 
ji 323 32 ^ywaJl I^-Ijv. r-U3^l National Semiconductor JJ ^ aJUj^JlI XMOS 

.aJU.j 32 Jl 

(MOS ***») CMOS iiaJ 

oli ^JLJJLl .JUaJI *JL-j JLill vr_^ J*^' ol«lw> Oh £jll CMOS ^»a^w-j" 
PMOS jVgj-J CMOS .PMOS j NMOS oLiH Cj?. £* CMOS JLii oli*»lj, 
■j, VJb jJlij ^U* J*^" IfV Uj^pj . BJU^ SiliS" U, NMOS ^ !>Ui tLf l^ 

.XMOS ,y Jif ^_j«j2 ^jLii CMOS SJ?-y Os-lj 

cJy 2 0y J*~" ,> J»f yio^ ^^ ^h^ M f CM0S J V-^^ 1 °y 

.(L^ aJUU i-J ^j '/ 40) fLij^all o«i 5jb: if-L^ U>j oJy 12j 

^j . jUiJIj ^_^J1 0l>JI cjUj^I oliJaJ U-^- CMOS ci: oLijf 
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Intel i-Ui" j- JS fJ_ia~J .iJUJl «li£ll oli CMOS ba*. Oj^t .ijl^l 
,_Jli Jp Oj^SL. 1 . 5 -Lai ^yiyu Sj>^ L^L^- Motorola HCMOS j CHMOS III 
.lijJD «Uj J* Lj^JJ JJUj /»Lw> 250,000 yt»- ■_,&: liUJd i>^j .0j5Ju^. 
CMOS 5yb *L jJU . Motorola 68020 j Intel 80386 J Ljl^ oUU*!l <JL* c-oiw-l 

.(21_1)j (20_1) JlSLiVl j 






!>>Ujfl- 






B c 



at 



N 
100 



(20.1) JSLiJl 
jJUj ^.Iw* CMOS i_-lkl 




(21.1) J&JJl 
jSlij ^Iw v ,L -Vl CMOS SjJIa f*Lis~; 
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Bipolar Technologies ■ lUaSVt 5-JbJ oL2J 

Low-Power Schottky (Transistor-Transistor-Logic) ^ v-J^ll i^aJli <_AlaiVl iob' 
«_J| JS olJb~j ^--S'jd J*«x~j ,_^j .LPSTTLjt oUU-,dJI j-ljijl ialai* i^f TTL 
1 /as Jjli4 iJUyU 100 J,l 70 ^ oLjL»I v-j* LPSTTL gX .i^j-Ji o'jU'jJI 
^UaiVl V w V^ V-s 1 ^ 1 ^^ *cijLJ-l • J-LS3I i5>Jl £-JUJd Lji" (SJlyjSL.) 

iJL^JI iiUall J ^uS" jJu" _ 2 

»JLi^-J .eijA. «Uj Jp Jj>\S <Sj**0 2»-ll«-« V^J 1 "J^ 1 " *i^ 0^*^ O* cT*^ ^^ 
CPU ,y £-5^ iaii ^Sy J^- ^-^ MSI >^& f U J 5 ^ V 1 ^ 1 V'^ *-*" 
J *sj*y) SJbJJpl Bit-Slice aJLsjJI i^^l cAj*-j ^ «J* .Siji. iilij J* ioUJl 

.^iLiVl Jti JJlSjJl f lw v^J 3 ( 22 - 1 ) 




(22.1) JSLill 

.JiUJl JpLJjI LikJU ECL £-*; L-AkiVl i-SLS oLS JJb- ik—lj-. 

jJI ^y-Vl «~fcJl .?Jbs- *JU olp^J J^jU SJus- 4Ly Emitter-Coupled Logic 
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(^JJI t (a-**J.I (jiJ-l &k^) Integrated Injection Logic I Z L ^ U»U LUiaI Jp*u«; 

i_<llajVl ijU **>~J jl^ ,_£$* ■ V*-^' dU-LJlj v-^s^JU 4-^iU-l O^fVl Jj-J *>**& jjiaj 
I 2 L Uf . (iljA^I olO^ ^L-f) isiii^ 4iU> ibl£U-lj (i|jJiJl V~W ,>* J*^" J*) 

Jpj . iLsf^Jl _ 4^^ OlJb-j t-^-S'jJ (j^Mail-l jjp I 2 L ^ii C~»*li«X«.l . c-jUaSVl io'-J 

jJl iJWl SjJH .TTL JJlJb oUj- ^JL; of OVl J=L. l^ V olJb^Jl oJL» 01* p-jJl 
<L^**<aJl oLi-LiuJU i*^» i^il p.^i <!)f (I 2 L) J (j^*** ***'-* **s*" yixJl i^j~Jlj 

CCD Ijtt 

^ iJbJi^ ^SLi Charge-Coupled Devices (CCD) *^hJJ\ J»Lijl olJb-j (.JL27 
*Iji^Lj iilij Jo *L*j 64K ol j i/li »_-*>" ±£A\ j*» . aJUJI «USJI oli S/l Hi 

JL~ijf JsMa j fjjilVl jyi ijia« oby^ V - ./ -cJ^I J* J-*-*-" f-V .CCD ij^tf 

»JU. I^lijj . &x-2Jl dj$~ Capacitor \-i t£ .»$ oUjjil «i*> ,y JS" J**i~J . j_jSLL«Jl 
Oli olitSil MMts^Sj . lijiji Ailij ^e- ol*j_^l ^ _/\^5 ^JIp ,*— *<»j 0^*** ^•"■fcAl il»L«Jl 
ijlb i>-ljl Jt>U- ob^iJl JaliJ . JaJtJo of v_-^ i^-1 JiCs t l^alis i-Jj^jS. L^li-I aJu 
Circulating Sjl>s S^Sli SjJIJLII oJLa j^m viJJJJ ._H"-I Jl iyys*^l a-jj* 0* ^l^*-^' 0" 
i_«*-J»L*l.l i;l_^u.^l a-* Lft-Ltd f^Jaj illjla— Vl SjSIJj SjS'IjJI »JLa c~»~< Memory 
iiMjkrfbU 4-iL» g-..^7 if j^SUJ J»^iL» CCD ol^li jU--f yity^A lij . Sjl>lll 

.^JliJl 

jy-Vl oLifcll 

oJLa ,is<?L>. oVU- ,j* uyr^il (j^ 1 *; LjJU-«x-l ,jJI ojjs^jil !:>juJ.I (jj>-i\ tuLudl 

\j^- 4-JU oLiliS" Jl O^fl cJU>jJ» jjl Bubble Memories 5*pLiiJl ol^S'lJiJl • 
of JJtJil J \j&£ . L-J fcJajj lo^- aJIp ioe-LSxJl oljS'lJLHi «iUi «_._) . cjI^SI JUL) 
.(S^^ii.-^ oljS'li ^LpUaJI cjIjS'IJUI) .AJljla-^Vl fl^jf oljS'li t _^jLo 

. (LoU^i" jrJcdl iwi t^yl SjS'l i) Earoms v_~5/J i»JL>^uJil LxlJl ^y* NMOS • 
Oh JaJLsLI j^Op t.^ . «-±JUJl J^aAll J o-jjJL* i$y^}\ ROM ol^ljy Earoms 
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.(iJf clo MOS ) NMOS j (MNOS o%^ll *Lif ^ jjbdl .iL^Ji ju^f) 

.aJUII yiiSJl oli iJUiJl ol/IJLU J^cu^ ^1 (jUiVl iipUu MOS ) DMOS • 

Jp Jj-a»JJ (V) o^ J£j, Jp ^ l^j J^cu*~- vi^- NMOS ici" ^j VMOS • 
.aJUJI iili£Jl oli i)l*i)l RAM ol/lJU c^w-l JOJ .axI* iJUS" 

if^Jl itfLill i-i^sJI Ai>vJl oU-UJJ J-~eu^ ^JUI (pJl5Jl ^_jjj) GaAs • 

.*JL?j 32 oli 

il^Vl oLiJJ cJ^J- SjU ^ oLJdl dI* •_,£] jIja^Ij 6jbJi>. oLJB uiUaJ 

. U.L. IaL^J- ^11 

CLuSlil _ ^o^UJl 
PMOS .V-UaJI i^i^Jl oU-UJJ i«U Sjj^ju CMOS j NMOS >Mc~3 
CMOS .Ijbf aJLp olili* Jp Jj*o»JJ ijSLoJl oliJadlj oULJI ^ J J*^" 

. »Jb-jJI ju«j jj* V^iSC! la?- iw^l 
. <uijL; o^ Lpj i-iiil Aj^Ul -^ li^saJI gJUll j^l Lu^i of ju«j 

Ji] . J--** JaJaid jf ^i ^^.s rtj jf _,& JbJ A^ji! SjywJl oU-IaII ol^l /^i I 
••i* ■ o^»J L* M^J V* *»•»-<» oK tij — (I Jl J>of lS>^ gJl** Jjf . i^jt. cJlS 

£&j J JaJaiiJIj j*Ji^Jl p^ ljJ*5j ■ jvi^l iSS^^ £"^' ^W*^ (f«^ ij^L-f 4JJJU-I 

^ jgtf . (-U — ;V1 ji-L Jl>Vlj iJjVl ^UJl *U»4 Oyl5J JUi t^JI oU-Ull 

* 

. AjjJisaJl oli-Ull ?«-jjIj 

uw SjJij; Jl« .Vj^ 1 A*, 1940 j>-\j\ J} JiUJI jjtf^l oL.U^ JUJl ^^ 
Texas y^-i j^ ST.CIair Kilby Ji ^ iJULSo SjSIjJ JjiIp g-iy Jjf jjt hii 
j Jean Hoerni and Robert Noyce iJLJl j^t L_,ij oi^l ^^wlj Jj . Instruments 
l^, Jlj^ ;^. JjV oL*£j <JLol5cdH yljjJl o^«if .1959 Lx^ Fairchild ISjJi 
JLk; J* a-s*>«x)I ^^J* 1 964 iu- ^yii . lpj^> iLl5cl.l jIlj-LlI apLvs oj-Ja *5 .1961 
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>_ijUJ_j y*X JjLSj oUU..,g SJp <_jUI i£^) . foji* iilij Jp aJUI? i *L *_* (SSI) Jjv» 

^Ji 1968 i-. J .(Jdi) Not j (jL^^J jf) (Or) _, (_ £. _ j) (And) Ji. UkL. 
.Sijji* <5L5j Jp ^talS" "&>*— U*U« (MSI) Ja—jLo Jlk; Jp x-^dl 

IK ouai ol i JjS'li JlSLiL >«--lj JUoi Jp «_j*>dl 1971 &~» J _ r gJi dJUS JOu 
1971 iL- j$> ^ tfjk** gJU. Jjfj (,>»ljxLI (J.LJI J^-J.l / J-J.I) Uart j aL^j 

•y Jpf A--*^ -jP vi->»Jl pi t LSJLa «Intel 4004» 4*1*11 ^IjpH) lijJW p-Jl*^ Jjf 

^A iiKJI (^Su 1 p-»I^JI oJl* J . 4j jSL«p t?-«Ijjj Nasa -^ ,y»>-Vl Jp i *^»j^>- *y& 
c-*~Jl 1.970 i^- Jjljf Jj .(4auJI) Miniaturization *>J-I j*+t> Jj ^LuVl J*UII 
Jj^i _pLa» •_,*• lj-i^«J OyS^' z*- 5 ?*-* ^ ii*v^ iy&Mj Nasa -^ lLjI»»jVI :>jjip 

rt-f t*~^« i-ols>- 0*ill J5w» jjQaJ?\ J] LSI *— j l j£«ll {j* IjA JjV ?*-w»l (ji 3 ' - ' 'J* 

KaII ij^o . iiLib- ol JIp-jJ| ■ »_jJ' ^ oil* /*-~Ji i*?"^ ?«-r**i* • Vs^ - ' cjL-oU- <iJUi Jj 

. LSI j ^ £-*»# Uakt (2 3 _ 1 ) 



(£-lj jlU; Jp jj*j~Ji) LSI 



i 



flu fJJ : ^l/lall | 



i-ljyi olA^-y VART | 



i-ULl oVVl 



1 



i>*Jl oU-UI 



] 






iulj^llj LSI wUy 



I 



^ywJl^j^U-ll 



(23-1) JSJJl 

lsi j>; 
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__ 1K-j aJUA)I (RAM) ij\i 4 LSI -j* OLfiji OU-&I j> 19 72 t- JSljf J 

Jl t5 JJI . JUI ^UTill 0_>£~, liU J,oo cJjJl viJUi J Jb-f •_£, jl . Uart SJb-jj aL^j 

t a^.U-1 cj'i/^U OvjIjIj Oi>^« £-* J*u Intel 4004 Jpo j& «_xJ 1971 au- J 

,Jp iaJl_^<JJ j2jLJI Ojjlill jii**l JiJ . \ZJ%0j f-yy PMOS {£J*+0 rtJL** j_yfU 
IJLa wAAJbU J ^ . Aiw* ,jP JJiJ M S-d aSUjJIj AjJUidl A^U-i i)Vl jJ^laJ f-iP 

i_^-L>»5' iw«-U« jJ>j VUi ■_•£ 1 lilJ JJ .l-jj— U«5 «a*U!I ^l^bU ^ji^aJl ^JUIli 
. cJL<i>- JUu diJi *_*j Ojj-S" oU~< /*-*j^ Jis>-t -jSJ i . i»U- ^ly^V 

jLi, i£>v ^Ijw Jjf Intel cJUit Lx*- 197 2 iu- J Otf j-JLI jlill £>jJ~\ 
4*jj*ll Display Terminals Corporation aS"jJS cJJa tilli jl*j . i*UJ! ^l^bU oM*3>j 
-Jkz Jp ojjli iLilS" iilij ji pJL»M £&V li>«- tCRT oLSLi l y^j>j Datapoint _j 
jj+Ji JOu . jjjJaJl i^5* Jp IxLaa-j Intel j Texas Instruments titeji c~JLj . iJiUJl 
ajj£c Cj>-j>j Xfk^ Intel Oj*^.l .Texas Instruments aS^S c~>*~JI J*«Jl jy 
cipl ^^ J . !Jl>- ajJsu cJl£ : SJIp-Ij lop U Datapoint oLiku a-~*»lj ^yi; 01 LfiSCc 
olJb-jJI jU— V jjjT ,j4;4si JJ ojf If i-jUaj^l AJUtJl oljjSlI J* jU~»f ^>j>- oLiJ 

jLiu . *_Ak»Vl iJbt JLJtf J iJiLiU lf«Ji> »l j£«iJ Datapoint Ojji t-jL-Vl oJuL 
Of vi»j>-_j . a>w»Ij Jj— 0j^ ■>• \*jyk> j*-> c-*ii aSIi^j Intel aUiLJI aS^JI ciy ilili 
^l^al Jp 8008 »Jb-_jJl (jlj— Vl Jl cuU-if 05i «, S^S'lJULJ ol^xu /«-^<aj Intel aS^S 
^Jjy <JjA) <^***jj *~»rtddl i>f>- A-c^ ^' «-^»|yl ,yj . ojS'liil JJlij <- .v« l^t 
. Intel jl*- ^yi^aJl ^JUil ajI^ -^ 5_/>Li]l cJlf <!!&> . <jj>-\ ol*f> JJ . t , j »..,^. l l 

apj~j Intel o*I» • cSj*^ 1 S-"* 1 - 1 i/ y^ 1 Vr^j*^ 1 LSI ^k*^* Ji «J-^JL J^i 

SJb-^JLl ajLJI 80 8 t/lJ^-jf O Jjuj ,,->■>. .Ai AJy ("-j*^ OiUti SOjOi-l oOs-jJl »Ia Aj^t 

JS^io c.,-.»^ jJl 8080 4-iJ goli J* J~JI Intel j^JL^ fjb ci^ll ^Ju J .8008 

^o^jL^j 8 oli ([A-^-i^Jb aj^wiJI oL^-IjJ.1 cJL>-3l Jj^— j!>\>- Jj .l^ij-~l ^-r^" 

68 00 5-b-jJl Motorola cuU-jf .80 80 SJb^JJ JjUI ^ w »: ll ,>• I^Jpf <j>~y**\ jJ' 

.Ujjpj 2650 Signetic j PPS8-Rockwell ^ (8080 -y S-l>-lj -L- Jjo lo^") 
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pi . 6800j 8080 olJL^jJl j* h£*A\ oUL-Ull ^..m ^ ilJtJl J^l *U 
5j^ iiUj Jjf o^tj Motorola ^ 6 80 9j Intel j* 8085j Zilog ^ Z80 o^l» 
9 940 j TMS-lOOOj Intel ^ 8 048 j Mostek j Fairchild ^ F8 ^ywoJl ^j^UJJ 
Jjts - 808 6 ii>vaJI £-11*1' Inte l cJL>-i[ ci^Jl ^-i; Jj .Texas Instruments -^ 

.i*UJl ^ly^bU ^^iJb- tiyw» «JU. 

gJU« Jjf Jl>oi ^ 198 3 i^ J iywaJl oU-U-JJ ^aJ-l JJ-I ^.o.^; Lo 
i^aJl olsL-Ull villi ^_-J .National Semiconductor,^. 32032 JJLv»j 32 ji tS_^a 
LjM^aH oLLL«*U jjli. p*& a-jIJI J-^aiJl J) • \*jt*j Zilog _j Motorola j Intel -^ 

J Bell Telephone ol^-afc J Semiconductor o^U.jil oLif i*L*, oLb 
San Francisco ^y>- Santa Clara Valley L/& i^ iakL. J| cJa ip^wj ^^J 
dj-CLJl ^jIj pJl £SS ^1 ol5>Ul ,>. jjiT .«Silicon Valley»_. 0^1 j^l j)\ 
Lw iOj-CLJI ,-plj cjJ»>u-I jJI JU^bU JJUij .Fairchild ijj -^ l^tsj l^JJ J& 

.Intel i^ai «l_^ 

Jiy «>V J* J**- (i-ill) William Shockley J5>i pjj iljl 1955 fc- ^ 

lyte* Juo Ipj c^w»f jJI Shockley Semiconductor Laboratories cj%*£\ LiV 
*lc^" i>* *"_**£ ^J> u£~» l ^> -iM . Shockley Transistor +^l i^U j±. tajj. 
■S-S^Jy Fairchild Camera JJ y> e-uo ^J| i^UJ-l l^l^, fjj Shockley iS^i, 
&\j> •**> U» cJjP ^1 iakit ^ Fairchild Semiconductor \jjS Mj Instrument 
1968 to, j Gordon Moore _, Robert Noyce .JjLJl *X>* 0* ^ 4/ -OjCLJI 
. (4m^U oLijj^Wl) Intel U^ ^1 Sunnyvale J gjA X^ lyuiul Fairchild 

t^JJl ^UJU ,£^> ^JIjui Jjf Intel c-jJ 1971 ^UJI Jj olyu- ^^ j* 
SO>-^U O^will bli ^ OWI iSy 19 74 iu. J *jf ik^^ Of ^juII ,y . fJ Jl <j^ 
iS>S Liif, Intel Uji .o!>Uj 8 oli i^JI oU-Ull JJIjf ^ s^Ji JtS"V( 8080 
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^JU j)\ Z80 ^f t 8080 S-o-JJ j^Ul dlJi Jju c^Oi 5S>U| a JU .Zilog ^f 
Iji^i. ^ aS^JI Jltr j* Zilog oUoi o^^all SiUll J^il ^ . Intel 8080 SjJL, 

J2p- j ^Vl J*j «sy>£M d>«*JU i^iji cJtf olS^Jl cLiJV iJVl *JU 
pJI JI^Vl J Sjjkdl i^Jt oLLUl ,>. j^ .^e. <JJJJL) *s^j . SJUlsai yiJl 

. (it. j t.sd. J l j "lijl—^j) i^Li>x* iJLftJU (y-L>tC 

Advantages Of Microprocessors L^LaJl obJL4l blja 

^b;yi U»p LA^jj ^UiJJ ^-L-Vl ,»-kdl l^i, iJjVl «J»jUdl u^il Lu*^ 
oL*Jksdll L^* si*>- J*«JI liA iiU«Sj . iyivJl oli-ULl j^jL" jU^L. Lu^jj 

iy*Ji Ujii . ji" jv^jf g^i^ L,a i>fc ^s iiku j* j jjjuiaji oL^sWi ^.yu^ii 

jiyj Jif <ul£. J^U Ja*y Jjf oly£. L_JLk; l^-f ^ i^aJl oU-UJU v-L»Vl 

:J!Vl oU^ll 
: Uj* sop i s J iu^i\ ^JUll f 1& -uiiax. (^JUI oUj&l jji JJLiJl jjuJI y^, 

• iJj_^JI J Jjj L. UU, i*JAdl j^Uiy ^jlil ^J.| ^^aii. « 

. iulj^SUl iilkli JjXj" j^t^ • 

. oUjSvii jjip aUJ iy»; iijL»^-*yi jbjj • 

: Jrtl til£)l 

viUi ^_> iLojf i_il5vj a-*>jJI *I^Vl Uf .jVjj y> Jit ,_/ri^c o}U»j jUi {Sj*-* 
VjJ 300 JI i_jjUj Lc iU-j 32 JI ji ^i>*Jl ti>vJl gJUil a^ 1987 j»Ul Ja 

Programmability *£■ jAl 4JL1UJI 
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J* y c^ 1 ^ ^ j^^% .*1#~ oIjJcj £_^j y >ji ^j jiaj, p .^.j| 

■oMA\ iyjJl ^Li£j| JJL,j -^ "Sljb iJUUJl ifjJl j^ olpf J^c^Jj (.UJL1I SjjL? 
liili Jl «U1 . (I**.-****} *Ua>-Vl J* o*ydl U»* ^ Debugging ) . z*.jft\ ^ij 
O^ i£>*» gJU* US^. ^iji of ^j Id* . i^lj Ajjjj ^ili JUjc^L a^JI ~ ■,.,.; 
Jj i^i oljJJ villi ( _ikj V of ^ ytL £-*l^ jjjjj jl* . Sijui. oL«A £_.^, jf 

oiuy ij-u-i o^ ji^^-L ^iu ^ j^i ^ j jjrfj ^ ^ f u^jj 

tj-r* 1 u 5 ^ ^ Jl *M ■(fswdl .11*4 ^^^u- i)U J IjipL) iyjJl ,^- 
iiKIl ^^ If L^\J \ i L^ rJ ^j JUaJ Jp <,y&| ^ iL^I ijJi ^ £fcj fij 

cij .ola^Jl -^^ ijp J* SjU. gj^ -cSo"j jJLiJL ^J oLtljj jIju*! iils" 61 
u 5 ^ »Vl ^J TOO JWI Jp -j*^ ^ijnJl t-SjJwiJl gJUil {.loj^u-l oU bUJl 
jJl oVU-l J viUi jp ii .oUyiil ^ ^ jj* Jp oUljJl ^>j uis ^jji 
<JJI oUoia-Vl ^j Microminiaturization i^l i»iUJ bJK Sjj^J ,_Jks 
^ *>»# &u) ^^ gJU, 4*jj U15 ol* Uli \f iCjJl -^j uj& vi^- jf (i^C-Jlj 

^Jl s>frVl cJ Jui-I : t^ji y^-t ^>^ ^Jl*, iJK^ s^-Vl &j£S j*s . iyiai 

4^ g^J JLo gjiljjrf jf>*ll ^yuAll gJULl oUjkLC ijjjJ,; i^ oli ILL. cJtf 

. ((ijS'is a_^>-f iljJL. 

Jkij Uku :is^ oljU ^jf J| *^jj| ^ ^ ji^ y j| jlfr ^^^ ^ 
uu. (25.1) JS^JI Jj (24_ 1) J5JUI J tjU. oljUUl a JL*) .i_j^ ol+U, Jp 
. Jlj^Vl ^-^ J i>J| ol+Ull ola>-j jUpN! oyu JUyi vL->u iy^ 
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4-j_£jA i^-Lfc« cJb-j jj* V^-^* VLSIjI LSI iljA* iSUj jA> Jjjiu^l pJUil 
r-I^Nlj JU-iNl ui'lbj u a«jj ijS\jS\ Uyf -^ CPU tlji-l L2i .^J <u& . i^L»l 

Ot .«-* «Garden-Variety» cJ%^>j 8 ji f-jJLl oljVjp ij£s- ^ Jif fob _ a^u>^j> 

-.Jto jlj^i-L iiKll ^l^Jj $300 i_iiSo of <iv»j 32 Jl oli aj^uaJI oU-UJL) 
. LjjJtJ ioU 7?-^** 1 («* Vr^>^ <*-L«iJ J Jl' -Jl 't£-yj> . «_j*>jjI 
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. islij jl^t 4jf jf i.jkiL il^jll !#>-Vl Jb-f 

oljLSl ^ ^>Vl !}&■% ^>*JI gJUll JIj -^ i,jk± l*y>± : ^s^Ji JJU _ 3 
. \^\S i^iidlj pjij^dlj Synchronization ^Ijdl ■ J *^i 

eJj^V'j J^^ 1 ^^ M^ ola^-jf ^jUJllj JstljJll i^ji |^ ci^U 5/IS jflijj 
• J*!^ 1 2r* ^-^ ^.J^ 1 ^ly^ ^-^ . is^U vJJy; J j^l l,jM.\ *_. il*^ 




(25.1) j5LiJ) 

Slk-idl j-ljVl ^jLs &U ^1 oUJU; fe^j £_*l^ i^kJll SjSli -^^wtf 
(oLJ-l iLskll sa^JI) ALU I,. J^; ^Jl oUUl Uf s/IJUl ^j .-UjliulJ 
0^ ,>ll olO-Jl ip^ Oi . U v4uJ ioL^ J,U J.IB oUJU; ^Ls _^ g^lijJl 
SfjJl .Machine Language iJVl UUI ^ (^fcsJl fUfcll ^ s^U) ^^.U-l l fkf L of 
.*^» <vJ J| _ ijL-^-l soa-jjr rii-OjIjiLli Algorithm i*y -y ^ 

sa^lj SJCi J ^UpVIALU uiUij «_JpI ^ ^)| VLSI jf LSI aJJSU y» ^j^]\ 
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J Sab J**x~J ji\ RAM j ROM oljSli JUut ^Vl L^UU oUj&1 bl .jtff jf 

J_^<aiJl J JwiiJL; oUjSII oJLA ^i>Lw. . t^ywall £-JULl J* j&jll fUaJl ^^m 
L^jjlaj J**J >_i>Sj J^ljJl J t5_^waJl £_)Uil J»j«j i-i-S" jliJl J„^2a)I j JUxX-. 

«JL*j i_iLS i£j~*j 4 4->-ij^JI ^jiwJl pJUll <*L5_^J iJbMjJl *JLSvJ.I ^^jul*. t <J^>- -y. 
. *>^a\j rc-^\jjj\ (J oUJUdl JuilJ iJl n-^sdlui . *-jlii OjJb jl a_jIzJL oUJUiJI 

J^aiJl Jl ^JJ& Leo .viJliJI J*aAil £j>^» IJL* Dj^ • H/' 1 -)' 1 -' J 1 *"^ 1 "^^W-^J 

. ^>vJI £-Jl*ll ULi Jb JWI 



.I/O j CU 1 ALU t CPU t5>vJl vj^-U-I tChip aii^Jl t LSI ^ 

?Byte fcUU ^ U ?BIT iU^I ,y. U 

?o"5U»j 8 oli iJtf J Jb>-jj £U ^ 

?RAM j ROM Oy. 6jH\ U 

. pi^dl Jilij iiyjJl Jitij oOJl Jili ui^c- ^JiUI ^ L. 
iilij : Oi^^j JU*i-»L v~^ ^L—U-l y^l J OuJj v-jj^ (i_^ »— a-S" ^-jJil 

?8 Jl 1 j- NJb 7 Jl jL* & o^l ^ jty lili 
fo^lJlll J n i*KII (3lj^ y> L. 

fJJb" SaU CPU J c/*s*Jl jJIp <Jj& lili 
?Mass Memory SJLf-Ml S/lJUl i-iki lili 



1_1 
2_1 
3_1 
4_1 
5_1 
6_1 
7_1 

8_1 

9_1 

1 _ 1 

n _i 

12 1 
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?oUL iUj 1 6 Jl ^JjU iU>j 1 2 ic^u £jj* JiU J-ucu- Of j£c Ja : 1 3 _ 

ou~< Address Bus t^p JsL a^-jJj -_/£r ^jJl oUiSJl ^y jOp ^f y, U : 1 4 _ 

?o}Uj 8 

? l £yiv2j l l ^-JL«il (.UiJ j Av»l>. iLlJ^j- 7j ji^» Ot)LojJl Sale, -ji; lili ; i 5 _ 

1 7 i»~j ijip Jilj *L*\j, Uv»j 64 iw i*lS" 64K JJ r-jj^ll j£c Ja ; 1 6 _ 

8 iu- oli s/li J oUU vij^ i»JU; iL^J ijJLkll s/£l HI oljjp aJ* *5" : 1 7 _ 

i>0 O* «J^»f c5* J* ? Acce ss Time Of Memory S^IJULJ g^Jl ^j^L. : 1 8 _ 

Firmware i^JU i^Jlj Hard Ware (i~i>Jl ^Jl) i^Jl o^ : 19 _ 

.Software oLfl^Jlj 

^(^-Jj^ 1 ) <£y^\ £-*^ ■>* ^ : 20 — 

. PMOS j NMOS Ok J>JI c >SI : 2 1 _ 

?CMOS^aU : 22 _ 

Vivj** (.f izjaj l±Z Bipolar i_jUasVl *J^ *~2j _t~*j" J* : 23 _ 
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^jm £JUl ^JfivfaJf «-iU*aJI 




j Uy£> IjS" . | _ J s r -ij^»jJl ^yivall S7JULI 3jl»*j *Uj aJSCjA jLaiJl IJLa i_jL,«j 
l,if Vj i i»J&ll iJJdl a^>-Ij J^ V cj%ss>j 8 iw ^jjisJl oU-Uil Of *_»i t i.JLill 
Jikii SJi«il oU-Uil ^_JLc-f 0,li pJlj . oliJaxll ^> jd& jUxu-'yi Sj«irL» cJlj V 
cJ%^oj 8 oli jSlijJI f-^ viUJJ 5»^j . cj^Loj 8 oli l^Ljy £-« <jjjii JjV -oLi^j 
«_jbx^j ftLJl aJLSLa j?>^~» t-fJUJJ l5^**^' ^JLJlI aJLp Jud SjLr J^UaJl SJali' 
JL& «_>ls^ .Intel 8080 *cj!>U»j 8 i<u- oli *j_^fj «j2Jb>- olJb-jtJ 'ijuhdl Jj^liJI 
UuJ «_jb- .JLidlj JJ^U iJUM Jl c/>U~Jl Jl «/l^l ,>• £/* ^j oLJUJl 
oVUxu-l Jl ( jJLk^. Ijj^tj . UsMoJI o^U~JIj i/l JL31 o^ £-11*0 JiJ ^j oliUl 

The Constraints VLSI -3 LSI jjJ 

Of LSI And VLSI 

fj 4JU0&4 i Aj j*+pi\ Oli-Uil f».;.»-/j" (J ijjifl i_Jil . -» _ .* > ,. /3 , :' l JjJ j^>«J Leo 

«JUl Photo Micrograph *\j^f- «jjv (1-2) J5wJl Ohi -lA**" <-^ <Jl**i-l; 
jjjj olis^ljll <>jjf>«il Sj^aJl »■!* £-J>y .Intel r-bij -y 8080 _ *jJx1I LSI t5^»w 
J tL>>>««U -ls-ji lili >-*-£«& JjjiJl ft-!* *-fJ .vrij*Jl 5j_^LH<a]l oU-L«il olo>-j 

. if-lixll ollaLtJl J v*^ 1 ;i *^ 'HM 

"$Ui .ojj-^Jl J SjjLj S_^Jf ols-Lw. oJP i<U-a>J ^ ( 1 - 2 ) J^JI J Ji>-^ 

J t*Jip ^X* AjLi^j SjjU^u o">Lkuw. Up Sjj^oJl ^ JpVI ^Vl £_j^I j ^ 
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U| ^j S_yS"IJJI oU-L« ^ *i\ij\\ ,Jp L-J^a ^-Lidl JJ»Lll kiUJ ,o!A>w V^ u* 

.RAMjf ROM 

7-iUJl aJl*> Ji« *Avaj . I "«>• 5JU- iiliS" i*jbxll 4^mX&\ »oLJ| •yi wJUj .ill** lj_yfiu_ 

JjW' .\S*jC tiiLiJ-l (J . iJljp iiliSj Aj*u *o-<i-/Li JJ Jj-^Jl jj^Lc vi-»»j i_j^<U-Li Ul* 
Oj^wall *-ij jJl cSj^Vl t_ijLis>jJl <~~5\J *-• iijUiL. . *Jj>^o iilij (Jp S^SIJUI 'w~5y 

iCJLi)l AjjJwaJl oU-Uil CJjji !>^4 . ii_ywjJI oU-bcol) SJjJp *-*-*»? *lk>-l Ifcj aUjUII 




(1.2) JSLUI 
Intel 8080 *jyf»J.I Sj^-aJl 
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if 

'■'%>[ J* t-^-*" 1 "^-^ «_*** • '"^r •js*-" ^-l~~» Jais SjJwaJl RAM <_Jlktf . RAM 
■jji jrv-S 1 i JOu lytf- Ix JLill Aj^i^aJI oLA-Uil oJlS - dJUJJ i*^" . RAM _* iejli 4>-L~« 
SjJud.1 ilj^Jl o'iU^ iJjJi «_*j iL-o- *j£sj JjVl iUji) la* jJLj , iJUMJl o}U~JI 

015 icJLiJl hjk^i\ oUpUil aJu O^s lilJi «_«j . i*^ ajJsUII «_^« J^UdL) ojJUtJl iroiJl 

J^LA ^ oUsUil a_* j^H J-«L<^J 4-*^jJl Jjj—j o«v»jpl <«J5j p-oli^Jl j| a* »t_*J 
. aJL>-I oil JiljJI Jp- isol>- cS%^>ji ejjJb i_JLkj lift . o!)\>«Jl il^jf 

IjiJf Ji iJjf i^U; I^L^f (jj JUl jili^Jl ( _ / mwk -^ IjjSS of J^>Jil ^ lUUJU 

isUi*bl n^j«»«-Ji iJLft . j5l_j^ i_~5"jXJ jt-L^iwJ 1 *pjls oL>-L~« lj**>-jj iSliJl ,Jp <LiU SJaJ 
C...J iJUMjdl o}U«~JI ^ j^£i\ a JoJl 01 U*-^ Oj.i.<i,sail |JL«j JLii Uj^pj . aSL5 Jl 

SiU^J! *->>- t_ii^£ Of ^U-l Ci^l J ^S . iiilJjD ^jvaiJl i>-Lil ijliJl JJL^ 

x 3 5 j?-j cj%s>j 8 *a-o .^ij^Ji LSI ^jivJl «JUJLI (Mils) 150 x 150 -^ 
■^ yii^l | » J «. ii*Uw jSCcN .iJUoj 32 i*-o VLSI ^jJwaJI ^JUJJ (Mils) 350 

. (fjJl <ipL^> v-ilAftf *a\ {j* 5Jb-lj ,_y» SilijJl in-* j^>>- eiLj 0l» 1 1 1 J-sfl^l J (i^r- 1 

jjia,. JO U ^11 aU^Jl Jp oU-LJll Ji^M (1-2) JS^JI J iJlS lj» Ji*\ JLlp 
«_^ii ^j JUL ijSlyuJI A-ikll jjljjJl (t^.j *_ji l^** .iJlyi^ LSkL« ^yi Lft^i 
oUil^Jl ^ o* UL- j-ixJt jiUll -^ Lr J) . i-LJ-l goLJl Jt. ijUvVl jSLil 
oU»l>JI jp Jr^jf ^^ S--JtAI JlS^tVl J ^" ^ O 5 ^ (i 11 ^-'W 1 ^^o 11 
IjJjUi (ju^-^ll Of ^-y • (-JUa* jf- if- iL^j j^ 1 if j&i ^ l^~\ Combinations 
yiijl »j£^j"V yJ^I oJLa 01* iaJIj-^ 1 vJaiL. iJjJuill oU-LJ.1 JJLas jlj*i-L 
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si* { Jjk^a}\ gJU-JJ U^l jJl Jil>ll_>f UpMjJI O^fUiJVl kja*- ^ ai* . <_»l_^>Vl 
tiili^ll ^ Ja ^' Jl jji *jsLI ^jA 4>-LJLI *JL» . iilijJi ^y> L^J »j*^ ob-L«*« J*-*^ Sjlai-I 
JJij jA 1 JA,».»..,nll oUL^aI *-»T Jb-1 j^ . ijiJaJil t-JJlkpl <~-*£j£ \$Aa>c~»\ -jSCr }\i 
oU-Ull ^•Xsx^^j . «uilijJLI 4>-Lwo 2 JL>-_j JS" J ^ST oJUaj i—fljlkj ^ijj J>4 j^ i-LJ.1 tXt> 

(1-2) J_£jJI J ii\Sj\ rj\>- Jp SyhUaJl *UtJl C/sLUiJlI J*jC~J l^f 

iJW jUI aJ£*AI Jp LSI a*UJ \^J>yS jjJl jj-lJ-I r^>y v^' olliOU.1 <>JIa 
^Up J*/ ^Jl aJW jJI JilyJl J| jtff .OUvU >^ Crtll bw - if/wJl gJUl 3li^ 

Buses Jiljill 

J£l 0l*jJ lj?-jji Jb-jj . 4iJs>^)l V-—9- iy~>- oVLajl l>ijk>- **y*£- jJ>> JiLJl 
JiljJli il-JpVI Jp aJUMjJI JiljJI Jl J-^iiJl li* J Jk^> -ijrM-i J»-b tiijtj 

. iJiki! U^oLp £_**• JajjJ ii\ij\ Jp v^Sy 

1*_^>J uy- . L.L<f ij^-jlsLl J%JU i*jku v^Ji <£"^' L »* fl *"~" p-c *"^"1 

: ^j <Sj^° 7!^** **J*~* *J ti V*^ iJijf Jiljj aJ^U Jb-ji . Vjt jl£L 

olilij c_ih£ -ju ^L.V[> «_iU-l ^ oUUl t oULJl JiU JJj, .oUUl JiU _ 1 
o* ^yrjj l$j***}\ ^-JL-il Jl JUVsVl yiij ^ oULJl Jjfcj #^2; ^AiUJ . i*jkJLI 
Jili 0>£> O^L^j 8 a*JI jj l y r 'i^i\ ULU« J . S^IJUl Jj ^^^sJI 7?Jbil 
JiU lib djSi. . (ui»l<£Vl ^ J^xu-i J) o^Uj 8 ji ,^1 JbS JiU oUUl 

DMA ) (Direct Memory Access) (^-Ul 5/IJUl r^Jj) DMA S/li Ayrjt 

.(dJWl JvaJJl J i^jji. 

£■?? Jl OiJ 1 -*" J*^ iIj*-*" gJLJJ -y ^jjjl JiU jJUai :&>oJI JiU _ 2 
i_«Jb cj%^j 8 o«*Jl ji ,^-i^jJI LsLLw J . oULJl JiU *_« it^j^il olJb-jJl 
JlJ -o>jl^ 0I>p 2 16 = 64K j>- JJLJU £j*~S jJI *JU.j 16 -j* iyjJl JiU 
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J (<>- sat*) t^jf (*»i»j «jU) sj^-j jU£, ii_^ji jiu a*-!^ sjU oi^i 

JiU Jp iL^ll oliUl Uj. j\ jJUaJil jj j^il oUUl JiU £* ^JIj a^Jl JiU 

. J^aill I J* J c/>L^dl ol* Lb-^ £-j>y^ . (The Program Counter) PC 

"•}&•% c5>^l gJl«ll u« «yljJl oljLil piUdl JiU J^i i^iUJl JiU _ 3 
1^5 jv^dl JiU Jp aj>>JLI ^.-i^JI oljUNl v^J J>" ■ J»I>JI £- *!Wl 

. iihUl fj^Vl (JLSj Ji-fJl JLooj «J.UiJj 

iUJ jaa jf »_w.LH ^y^l ^JUil JJ ^ sLidl a^iii jiiyji ^ js ^jtfj 

iiLpf 7 Jl 5 LyJ) jljli ^ 130 JJ 100 ^ i^-i^dl i*Jl ( TTL -y. J^lj J^ 
(Jl J* 1 p^b 3 *»L^»1 cSjJj-^' ir" £-«* '^ •jjj^Jl I- 1 * l» toU^kdl (_Jpi J . (LSI 
•^ tils' jo* J^jJ J*-f -^ pi^Jl JiU J] OL-Vl ,jA«i jj <:>>JI JiUj oUUI JiU 

J £jJ>y. <jd\ Ju>-ji\ JiUl aJI . o^idl ijKj* *Aj£ ^JUI JiUl y. oUUl JiU 

JiU jJ-j U IjjU |^ ijyjdl JiU j^laj OLa-Vl jini J , tSjiufii] £-)UII iajlaU oUaki 

^11 oUUI Jiljj iJLP u-> ijftU jf iJUjf ialy] JiU U£j» gJUJJ jf /J* 

1 JL*t i^j . oLKJ>l oJu -J&j t_a../j.' iJUl /»LiVl .o^»t«Jl JJ rj^j^ J**i>~J 

JiUl aJLSCjA l jJi} V-LiJi iywaJl CjU-UJ.1 u_J^f Ojl^l IJli «-^ljJl -y Tt^aj p-JLdl 

Single-Bus Architecture jjitl JSQJI idiiA 

i»Jli«I*J.I Jil _Ul -i«J ,,5* «U>-I-Jl ^-IUJ.1 cjLA£*» <_ibsi ,ju js-wJJ Sjbdl Si^kll 
JiUl <Ui^* ,j* ijlSL* Jawf . (ALU) ijL-jLl iukil 5Jb-jJlj o!)UlJI Oii oVUaJ!)U 
ALU JJ J>w ,J ,y oUUI jaa j^ill JiUl iylai* J .(2-2) JiCiJl J OiA 1 i^ 1 
ALU Jl J^lJlII & JS ^ JiUl J^, . JS^tJl Jpf J ^ ^JJI 3 >LI JiUl J!>U 
Of J?-f ^ JiUl jj-iJ J ALU _i Sj^«jJLt ldLJLuJI pJU Ojj^ . u^'j jl— s" *^=r !>* 
.jJbJ.1 cJjpl J Ol_jlij p-j Jb j^ill JiUl la* .o^jt^Jl JJ A-^y 
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ioJUxJI oJj* . Rl + RO = RO <y* ^jywail «JUiL JJcj jJl LsojaJI i-jJUxJI 
|^ 4*Jjdl oIa fji" jf Uif j^ . «R0 J ^wJl O^lj Rl j RO obji* *^l» ^ 
•y. fji RO J*uJl Op ivUjJl dJU jUJ] J*-f •jj. . «R1 + RO h^ JbuJ RO » : Jj 
J/r~ J <J>b ALU J J^lJdl ^Uj Ji >j&\ JiUl J^U- JJ& pj t J5LJI J^b JJ RO 
Orf Ji ^ pj JiUl J*b Jl ^V* f/«y Rl jL^I i£j£ ,* • (3 - 2 JSCUI) £_^J,| 
Rl <la— 1^. ALU J J^-IjJI Orf «-aj^ «W oJl* <J .(4-2 JSCiJI) ALU J J^lJdl 
Of 0^1 j£? .ROJ iiLJl i»JiJI ^jU-l «_»>«il J>«-o ALU J J»-lJL)l jL~> uiXj 
,(5_2 J£jJI) ALU r^ J* i^dl j^aij ALU iL-ljj *_JU ^^ . iJUjJl -^Ju" 
ROJ Jl>oVl c--i. of UU* (^aj liA .RO JI U\i J-yj jjill JiUl Jj *>~dl ^y 
,<<Jjdl JL& 0^1 ^^ol JUJ . aJU-Ijj i_j^j" of ,j5Cf cjUUI of *i~»«j J>s of l_*£ 
foil jJjj IJL* . aJUjJI e-Lf- _pb i Rl oLy* of J*>-V . RO J x_«JL.| i^ o>^f 
.SftljiJl iJU^j Jia y <i\s£i\ j\ it\jji5\ s^li *_i^jf J>w oL»x^ of >*j fUJl 



^>l JiUl 







&mmmmj%s^mm(m!^m<^^ 



V 




«n vm>mwm 



(2.2) jSLiJi 

.»yii jjui usl* 



u-ik Buffer Register Jjl*. J>w ^a ALU J^ju ;L JJ £_ilj| ^-*»Jll J>~- 

i^Jidi ii* .>^T JaJ i-ii »j* >j&\ JiUl j^~, of j£s »i^hu ro oL^. /Jd 

.iJL U£ilU .i^P ^L, ^ (2_2) J5JLil J 0^ y» Ic* Ja~-Jl <>IjJI 
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<SrJ 



ffi Qmmmm* 



J^ljJI oUUl JiU 




oVll 



(3-2) JS^SJI 



J^-I-UI jjUIjJI Jili 



,/rjl*-! J' U, <C^ a __ aMa ^ aa _^i{gij£jj^^ 





I 



*M* 



(RO) :;•: («i> 



~v 




(4.2) J&All 
ALU Jj Rl JUoJ ^jJLI ,y 2 j>Jl 



The Critical Race Problem ^J-l JLJl iiSLt> 
^^ 1(> .ljl '*&L. c* gj^j Jl& ^ (2-2) J5^JI j ^il VJI r^ 
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RO oUL iu» ji^ V ^cjdli . ijA\ JiUl J* ALU ikJjj ^dl jji£ ^ ilsCill 
jJuJj ALU J ^cVl J^ail i_iJu .L~JI fllaJl IJL* J J^ .JiUl J_jJ» Jp j&j 
4j>wxJ| AaJ v_-iSsj jl d)U-rf» «^ji V • U>-V V^Jj^i^-' tlr 4 *j4" ^t~° i*jUJl i>wJl 
r-jLi-l Jjp t_~£ .Critical Race r/M JL-Jlj c y»— j L> IJL*> .RO J iJjVl <>« i >«^aJl 

. U^-x> •j* ALU jj 



J^loll oUUl Jif 



crTJ" 




^5UwJ' 



(5_2) JSCJJI 
RO J lijtj SajuiJl jX^J : j-Jrl ^ 3 j^jkJI 

^y* 4>-j£ ■jP ALU Jj>-JU Jjj«J *4Jji> Jau-jf . ilSwil 0-U Jj^is- SJlP A^-y 

0>S J* jf r/* 1 J* - Jj^l (_k«^ t-^J a^ • ^>° oUjJUiU (iL**Jl ^f Latch c-JdU 
J\S Jp A-^y (6-2) J-SwJl *J^- ^ .Jj^Jll J* S^U f-^y .ALU J^-Jl* 

.(7-2) JCiJ! J Oi^ £-j"U! ^JiUI .Jjl* £-»>Jj uJUai lIUJLS - 

j^iil JiUl >>UiJ ^jL^j ^L* 

Of ^f : JiU ii-L^ Jif *_Jko" -cJSLa of ^ jyill JiUl *lkJ UjVl ^UJJ 

«JU« i-^Sy -UP rf- jL>u> 4»«~JJ| _^*j . 2}\Sjl\ J^. in*J y_jj Jyill JiUl <JSL» 



S3 



J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„l.' 1 1. 1 l .l .lll .'.l., i|. '. II l.l.Tl 



. aJUaaIj Jilj-i 




(6-2) JSLJJI 

gji-\ jL-Jl U&ti 




(7.2) J£JJI 
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ijA\ JiUl i^kd t^Jkj . cjLUjJI i^^kj ^ ayill JiLJl i»jkd iw-<L.Vl *t-Jl 
J*~< Jl ALU ,y \ey-j (3) t R0 J>~Jl ja (2) t Rl J^JI -y. (1) :o^a J^' 



JiLJl 7-Jj^> JLJI *-~iJl J . eJJUCU Jilj>i /•IJi^U-l 



iL. 



nJiK^ JUii 



JUij 4* 



'-r- 



. oU^I i'^b JiUlj ^ioUall 



Double-And Triple-Bus ocLoXI J3QJI ^fk.*> 

Architecture .JLui) iftlij JSlillj 

j^l» JUoJ JiU ,j* Ji« i)w (8 _ 2) J&Jl J . o^L; «_4pLal.l JiLJl /•!]»; f Jii«£w 
JiU *_»j ALU Jl u^j>"&\ <y> J* £"• "^-^ Source Bus (S- Bus ) j-JUall JiU jf 
i>* O^ 1 'j^ 1 ^1* Lr a>J\ .O^U^JI ^ ALU Jaijj ^JUI (D-Bus) iij^ill i^xJI 

.JiljJl J*j(9_2) J&SJI 

J&tJI J <Lw» ^j .etaVl ^ ^a*^" JJ-I n-iU^f %*;)& JiJl i.jJil« iJiLA y^J 
£_. A JibJl JaJy. .B JSLJIj i A JibJl ;SUUl J-*-l-UJJ 0W y^a. .(10_2) 
.ALU J J ^ i Vl JpUll ^ B JiLJl JaJjij ALU J ^cVl dyf-JM 




(8.2) JSLSII 
pUII JiUl <XLm 
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>_.lk-T ^ ^ dUi Jl aUl . J»-lj Jl J ALU J J^IjJLI j» J* *L&I jVl JS4 
(D-Bus) J) gJtdl vV j£c viiliS" .^^f ^L-V yjj dl yfs J^Jl Of £-« Jj*Jl 

Jp e^-iLojf (D-Bus) J* JjjiJ! IJU jjijJ ^ .Jj* L-JLkj Jiiu?- j J-^il cj%^. 



fvul + wi QD- 
»«4i+«vi n»v- 
y««iiw> GD~ 



000 DOt 003 003 DM 003 DM DW DOB DO* DI0 Dlt 013 013 DM OIS 




oUJUdl 



I/O DATA 
8UHSHS 






l 






T 






na» rrv»- 

ios frv<- 

oos C3>*- 

exiend f»V— 

NMI (S>— 

nhaii rrv«- 



r^-J 



Jl y] 



nOGSAM 
COUNIIB 



cue \S>- 



J»UI jJ^i 



rcNwcfio 

UFOSTACX 




KJU11 



AND< 

swnH 



aAiDiANOcoiMUKHiiAamoisia 



Imi M4 m fia mi i« w inn oh 

llNIO 






i rrt t 



3Et 



INTUMrrGONTK* 
IQQ1C 



Q Q & £« 

Nl« NII4 NIO MB 



(9.2) J5^)l 
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Standard Microprocessor 
Architecture 



■UuiL&JI t$>XLa}\ ffJLxtl 4J&1A 



iJKjil l yJiJ {jA /»_jJI t3|_j— "V cj *3jify.\ (_^jJtvaJI pJU.1 JjUj i_JjM <^-S^j 
_^Jsj" (11_2) JSwJl J .iJlijJl 5s-Lv«i -J-* JL«.:.»i jdl jylo JiU iJiCj* <^f :«i^iLi!li) 



A_JiUI 



tt tt ^ 



B_JiUl 



innmni 



i 



i (-uj-ij 




3E 



^y»-)i 



3E 



D-J5U 




(10.2) J£JI 

. J..^,«.ll IJLa J Ub~V LpLbj 

J) ALU J J->-lJJ.I -JLs^-r . ioLJ-lj ijikdl oLLjJI ALU j^ L* 1 — ^>>- 1^ 
oU»# jjjj Uauf ^jiCc , *_4j>Jli _^a ,y^>- J** 1 " 1 -! j& (jL~Jl i>* J j^^il aJU-I oJLa> 

.(12_2) JS^tJl J o^ y l^ W^ 1 u^ py* 1 .^ J^- 1 ** f-* 5 ^ 1 _rr~ ^ o^ 
t)j>-X> JJ r->y <&£■ jj 3 ^ Vr**-* ^J-^j J./* <jjZ-~* J>-^J Irf "U5LAI «JL* j itj-JI 

.ALUjU 
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%— — 



(o^Uj 8) 



3T1E 




j>-ji 



j*» 



H 



j*-ji 






(iUj 16) 




(11-2) JSLSJI 




(12-2) JSJJl 

iJKJl oLiyat Shift i-ljVl U** Jtt . ^-dl o^-Jj fc-lj] U*f ALU yy 
^1) (13-2) JSCJSJI J i>~^. iJUjJl el* .uyJ\ Jljf jLJl Jl jtftjf Sjkk, 
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?jLJl Ji ^^ 

jf jjSLcj OyVi tJU*»- cjajj=**ill iLaj i/^f t^Li-1 Ow»jJl J><— J iL*s>J iLJjj jL-Jl -y> 

j^cVl JpUil Jl Left Most Bit jLJI ^Jf <U»j c^jf I ij olJ V*^ ,>* • ^^ jr^ 
*^.jJl) (13_2) JS^lll J i*-*iy> iJLjJl oJu .jjjJJI *~L* ^JliJ jflia f-«->JU 
. Us-lj ^-j^c jLJI jjhJ iU>j J5 r-ljJ Rotate Operation jjjJiJl iJU* J . (Ji-»Vl 
ilfi J . Carry Bit Jo*^' ^* a L^ igAaJl <-»-J5Jl ,y» J>~JI Orf Jl u^" J^' *Loji\ 
LL»>- IJL» ( _ 5 4^-j . Jj^>«JI <JU>jJ oJUJJ-l i*J*Jl lij^wJil jLJI iS ai\ aL^j L^ ti^ljVl 



jLJI ^ 4-1 jVI 



n f\ t\ t\ /\ t\ n- 



-EH 



jLwJt j**i jij, 



■jtJi 



£ 



n n f\ f\ o t\ t\ n 



Ju~« 



(13.2) JSJJl 



•^ J Lf jiJ-W cjLJUpj idJbil oU-lj] ioL-J-l oLLjJJ JLniJI t^^Syll <-JUai 
k-ljVl iJLc. eUif jLJI ^a5f iU«j <«J jl*j jJl «Sign-Extend» ((SjUiVl JbOA <JL-j 

•_/>J i(j>*Jl j^ail /<->j^ J* S^JlLi jL~Jl ,_£<a»l Vjk *i^ ^Hi i>* (Cj^»j 8) ,^^4^"' 

Jf- £_jyM OjtX; of j^lc . Shifter «-j>? ALU j<^ JiL^I »>i* jj»jj J*r-f ,>• 

. ^-1>J.I J^JU J* jf ( 1 1 - 2) JXJI J jwy L5" ALU rjjt 
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ollU-l oU^I J*«. oy£ .ALU jL-, Ji (i^jJi /) Flags oLI^I J>~- jju 
Sidst oLJ*ii oUjJl J*~- oLps jUsM jjjuu ^ .ALU J oii jJl sLiidl 



oU^I J>~- jA 



Status Bits <uuxi^JI oiLoj 

. ^_^w»Jl ^— JL*JLI <j iowijjl oMv»j iiutj ^r^J <jVl lip^ 

.(14.2) JCUI Ju^l^uyJl JIjLJI ^ 











c 


V 


N 


H 


Z 


1 1 











(14.2) JSLtll 

Carry C (Ji>»dl) 

*ljf jJ^J Of J& jJl i*~>UI iLa^Jl t^f lj-jL-J-I Ji>>«JI 'JiJ^' ^"J <Jj^ — 1 

i«iSCj Uj^pj .ijUill cj^Ua>jJl i^x; (Overflow) ^[i j^i ,L>LJ-\ iJUjJI 
: jUUl OUJLill Ob.uJI *-*? 131 ^i*i . Jj Li ^yi^ ^Ost ^ n^'Un 

FC 

80 
17C 



1111110 



1 



= [T| |o 1 1 1 1 1 o o 

ALU J £_JU I JLa ^ jJydl ( 1 ) Jl j^ . (i«-.LJI iL^JI ^f) Jjy: jjy i^dl 

. JUI « <»JLl i^ «^ LoLilj Ji^Jl Z"-*^ f- lj »« i "» J J' i«ADD With Carry» 

"*jJ^J ^j^Jl <w*«-i«Xil isJUj /»ljli«I~jlj sjt^o^Jll JJ ^ jUs^l jU«J] Ldjl -_^J: 
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Jj^»vJl J**1~J \j>XS- .jij-i^\ oUUpj is^ljVl *Lof jlkiJlS" Jj_pJl J*-*i~J _ 2 

^^ii J l joLls>jJl ijy^ jv^ {j& (^" *=r«c~^ **-"Ul iU»^Jl 5JU lie 4il» jUa-iJLS' 
. oLJ-l 4a— JjJij i_j^siJl oUL»jp apj— . ^j~-£j (U-~i /7~*jJI l-i* . iL^Jl 

V (^Ul) 

jb-lj :^J\ SjUi (MSBjf iiy JpVI iL*ji\) «ujJVl i^Ji J 7 il^ll o^" -(o^ 1 
*bjf J-^U-I Jjj^cii ,j£s (tOyiM! i»ij» jUij £-*£ L»JU* ,«w>>-^<JJ jjI*<»j i_JLJL! 

JJ UL. |,ij jJu of J^SU-i tJJJi OOjf U XS- . SjLiMl iL^j J* (jAjii of r^*il jf /«-o^-l 

J^jOU-j .7 *Lcji\ Jl 6 iL^jJl ^ Jo^ 1 -^iJ ( 7 *W £jl>-) J^p^ 1 *JLvo>I 

. dijjij j(I iwB t_jL->- jUol JUp Jai* ojIp ^ajLill 

(SjUiVl) S jl (iJUl) N 

. L*J>ji\ *Laj _tfi <jUaJ UL» [Sj 7 iU»jJl ^J^. J Oa-ljJl ^ Two's Complement 

S^SL* UjU>-l j£r jJI sa-^Jl il^jJl .£_*>J.I J>-b J ^.-jf JaAj Jj^ J slkfc. 
^Aj" -U-ljVli .oU-ljVl ,>• iLi- &£ of ^t-o^J-l J* «w^-yj a-»j»J.I j^ ^y-f 

(iowijJl J^-. J^b J N y_^J) il^-j jf£ of jSLc i;l>. ifj7 iLajilj, tiUiJ 
.i_JL. jf v-jj-j^ y> a>^I jf i^ijJl olS lij U jojl>«xJ N iL^_> J^nXx-J ioLj>- cjLLp 

£jyL* y.j ( JbiJlj >»>! ^j£*)\ flliJl) BCD oLU* »L'f iL^ll JLa J^c-J 

^1 iijUJI oliJdl J ULp J^oJll -jjjjdl j* BCD . -^lill J^aiJl j J.^-JL 

JbiJl -jjj jsJI -yj w-jJLI Round-Off ^jjoJI <-o^iJl »Ua^f OjJO ^^^ «Jb ^ik: 
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.Up . Icf^aju v- 1 ^ c&j*0j* BCD (JvaSj Cj%*>j 8 in~j i^Lill i„i£)l <_£_^i toL'LJl 
iUJl Jl 3 iL»Jl ,>• Jo^ ■*!# of £-**AJ ^ ioUUUI Jp ioULl oLJL*Jl .|j».| 
4-i ^j>jf> Ji^ 1 liA jr~- -BCD J Jli)l pjjJl Jl BCD J JjVl ^Jl c> - ^f 1 4 
•^ Ji>>«Jl ^ H iLojJl .iiJijJl oi* jUjL, H iU>Jl .jju . ljLISI of i_^j 5iU 
Ujj iuk. ^j 5/IJJI jJ- UUjc-L aJ^ j£ Iff BCD oLu~- . 4 iL^Jl J] 3 it* _Jl 

. d!UJ Ju II* . 4j,LJ.| olLwJl jL>J| J U 

BCD 
56 

09 

87 



10 1|10 







10 1 



■\±\ lo 1 1 0|0 1 1 1 



.jL~JI 5A>-_j i*j» Ojjij (9j 8) ijjaJI (C^f fl»jl i»U<»k 

Z (>*all) 

JJI /y* L «. « .>>«) ^^i .jAvi» <L;1*a!I *>«-!> Oj£j U/*»- J^-ijJlj jAvflJI *iv9>j L*J 
Ji. iJkll oLUJl ik-.^ V f I \jk^> i>^dl cJlS" lij U j^»d <jLJ-I oLJLdl 
rOj^Jlj ijS*l\ iJSJl tju [XOR ii^^.aJ-ljf] J^-Vl iJLuJl ^j^ . «d>jL»» Compare 
.ji^aiii Z iUtfjJl L«j ix>-l; 3ijUll tjw^ jj5i Uxp .(lijUll 

if oLyat cJlS" ISj U JuJ&ci r)>-)"j JI^-j^I oUJLo Z iL^jJI _^ U UU 

i>^cJl ?c-~v£3 iU^jJl OjJu I^Ij . Iji*i» i>«-Sjl O^i iUojpl ^^W i lil . iiLJl LfUj 

. Z iJU^L; i-iii\y jjiv9 js- hj*&}-\ (jf) J 
Parity (i^UU) P 

it-Ulidl UJJb-j J Ojijt Yf£S tiywill oU-Ull i_Jpf J oil* P iUoJI jjji V 
Sj.^ ciiJ JLi cAiLJI culls' lij l^j lJ-ISJ i^-LiJil Ja»c~J .0%^ 8 Jl oli 808 
Jakit J^ . iJUiJl O'iU'jJl J iiy? J.I jU-'i/l jlXu y» if-Lill J«* fjL» . l^s-^o 

~r : /i; i1~>«j bU-F jf IjLivtff U[ iiUiL cj^U»j 7 -^ iU}^ iUS 1 j jU-Vl ^/^jjJl <;Lix]| 

oMvoJI ODD Parity ipyill -uLidl iakfc Lu JUi ^-SUjj .^jj (.UjVl ^f 

.ijsj iJL**" o5L»jJI J 5.5>?-J.I ^L>-Vl j»l*jf f>»^ ft-r^i"^**^ IJUiJl 



62 



J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



} t ^Ui . £-~>w ^LUI ilJ*" o\S Ij[U ujLi£J «uLtJ! o%^»j fUu J*jcu-i 

j o^UjJI jJL* 0>& 1^ Lo *iLixJI iUj <jf Even Parity ^jj^Jl -oLixJi J L^y 

oU-ULl J oil* jjjj V ijLtdl ^-iiS' iL-j o,Li i^-J^ 1 oVUtf^U J*«i-j Jj ^^wxll 

.*>^>~*> 0»& jf MPU iJ*-j JJ aJL^I^I oliUb u^^ .JUI 

(^j^jl 4*ft*0^)l ObL^J 

iUoj t^^vajLl Jp . oLI^ll J^— J>-b J (^^^1 i»»w»jJl oMsP) jjjy -j5Cc 

t <5>-jlsL| ol*J»Ull Inhibited *i*y (yi*») i*kUll *L*y Lu V |<~9-} . Outside Interrupts 
oUjLw OywaJ U*f "jS^ . «-Ul±3l J-^ill ti J r"*"^ **y>y <A*>JI « Ja . »i2j l^f JLU 
Flip-Flops oQidl jL&M J^ If Flags Register oUjJl J>^- j V^l V^J 
SjU t Uuf J^JI IJLa ^Jj i_~JI liA . gJUJJ iJL>-l jJI ibl Jb-Vl tiy£ ,ji\ (^^Vl 
^-.U^JJ ^JUI J vw»>JU *JL.KII oUjiJl 0j£ ^ .g^lijJl v-^J ^UJLJjf PSW 

. aJLij ^yi (^JJI 

Setting Flags abljJI &uu 

The Registers crtUutll 

JU &*- J^U jLJl <^- ^ *>oj (11 _2) JCtJI J| iiU s^ ^^ bj 

. ijuJl oV-j iiUJl ,>l>bU o^U-Jl jlaLIJ t> ^>sJl jJUll o^Uw 

The General-Purpose Registers oUl ,>l>bU o^UuJl 

Ukll sa^l ^Jc-j d^, ( io^ oljJIi ^ oUl ^^H) o>UJl y^- 
jj_p J* ^^il Jjs au i^j .yip ^^ oU g, ^ j,^. of ALU ^^^j 
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oULJl JiU «_o itjjjj" oUUia 8 _j oLc4 otA«— Jl oJL* ^ jp-lj LS 1 . 1 6 JJ 8 j oLp 
J*^ Jb Cr" Jb -'-» ^ <J J 51 ' ^ **' L * :J| ^^W "^ ^ -o^l ^SUJJl J^-lJJl 

o.„.J o*>U«-Jl oJLa (_iJLl»_5 olj~» . n ^jJj ji^» -^ iJUM oJl oM>«-JI Sale ^J 

• £"■"* Jr . 

oJLa Jli»f . Jb»lj of J o^«^JI eJL* ,y Oi^l J* J-**J' V^*i Siy^aJl oUt-Ull 
. jjjbJLl >»f iTjULJU cJl^f tiJUtfj 1 6 -j^i jjilia 0j»- Jf~j VrjjJl o}U«*Jl 

The Address Registers &ji«Jl o^Uwi 

ft 

>-Vl Jidl .(11-2) JS^JI ,>. JUl tfj-Jl M-l J* ^' J^ jA • ^ J& 

. ( 1 5 _ 2) JSliJl J jJU iJ^jJl oV **j*>Ji 

JiU J}U -^ ils*j 16 i«~o o^U-Jl *Ia J J*£ Of J»2i o^L^JJ -_£r 
J>.f j* oULJl JiU JjJ» Jp cJ%*>3 8 L^i JS" i^o. ,j£& j^r" tSjJj^^ cy - *-^UUJl 
5jU oUUoJl >£ J*~- JS ,>* i£ jJUJl <-i*aJl_> JaJI v-isaill Oi; JiyzU ■ *^J 1 6 J* 
. J|_^JI > 15 Jl 8j 7 Jl >- o^UjJl 6wd (c-Zy) Highji (>i^) Low^ 
ilj^JJ oJ*-' iJLpVl csyi . ^U^JI J^ JiVl Jp i-y^l oUi-Ull ^ ^ 

.(15_2) JCSJI J ux,[*JS\j\ 

Program Counter (g-aU^JI J*?*-) PC 



, iwc_»LJ^JI 



JLid 
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. (SOs-lj &U^ y> i»JUJl J^J? ,_^»l>al Jp) i*JL<dl ^ oJLa . MPU J} iJU 

Stack Pointer (SJU&JJ jJi}a) SP 

.A*PjrtJI «w»IjJIj iJsLioJU iojV 1^1 . JUI /t-^ill (J >— i. ^ jZ~*j Jj«j 0-UoJil t-^^j i 
J <_jf t i«UJI ^l^bU iJUill iywaJl ol^-Uil t^Jpf J «oL*ljJl» J SJUidl v-Jfy 
Jii- Jj>-[ j^ .S^IJJl J SJUadl Jp^ iijjJl j^siXi ii~»o SJUaii jiy ^ .S^SIJlJl 
. o. l./i'-U /-"J-* ♦* l»i* . 4-w»j 1 6 jj^ J*«-^" r^>*" tT a *> ,a ^ S XA' - t -U (_gjijul p....w5JI jU— o 

Index Register (JJjJl J^-.) IX 

oLJLUll J jjjji. -^Si I LpSJ SjS'lJUl 4JyL*J ilLi JJL-y (Indexing) i^^^iJl _ r ^u 



(B) oUUl J!U 





^ 






MUX 


i fc 


JJJdl 




J«- | 


iJ^sJLI 




-T*> 1 


e-W 




J*- | 






( 1 6) iijuil JiU 




(15_2) JSjJl 

i/*u jju (iu.j i6) a^ji o^u- ^a*^; 

JJ ^L-Vl 4iU.|jf ( _ r »L-*Jl Jl L'Uij ciU; Wjl L.I U-iji JJjJl J^*, ^ 

tAjjisall CjU-IaII i_~LpV oL*JUj *£■}*£■ J AaK i^f Jl r^|>U i^_ > <jiJl J*jO~J 

iU»j 7 6 £«l~ j o^l>i^i i^jwJl oU-Uil ijA** jijj .J^-lj JJj J**— tJ^Vl ^p 
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iL—j JLxU»L . i»UJl t y>\ J *ty oIj-Sjji J«.i.^.J Of LaJ -_/x£ jjJl i.UI| ^ly^ 
«JL* t ,_£ Jwdl *JUil 4»l»j Jp jjjii jf -jS^ iuisoicll Cj}U«-J! oULSLa ^yvu 

The Scrachpad j*X\ J*i*« 

J»«~» j«-uj tiiWI ^IjpVJ aJU-Ij o}kj*-« ip^Ajf il»L-j K» j* j>JlI J>w 
oljji^ JLjcJ JJ d\y*i\ JbJL^ ^^rj ?-* aJLs^-IjJI RAM 5^S*li 4 aaJU-I j t j>«il 
Oj^L- L,L,f J».o,j l^V UpM Jl o^U-Jt oil _p«ll J>w. ^Vl ^f . o^U«Jl 

JiLij oliLJl JilJ ^ J£ «— 4 jaJil C/jk*.—' oiU ]euji . ijOj-> iijSli j tty> oUjiiw 

i_.Ua.Tj (jijj t (o^>«— Jl i-Xf- oUJUxJl ^». ^ t :7 ) ^u<l^>>^ oUJUi ajjLuJI o}U««JI 
(jijJUJ- /^* <u)_J* o U JL h j (_^1) iSjS'IJUL) <L,o*a>«ll iJ_jX-Jl oUJLu JUjCu«I _p*il o^^i** 
jLxu-l y. tLt *5Jj SjSIJJI Jl £^11 ,y £jJ j»Jll J>- Jl ^1 .(C5ttjt 

. U-Jl ^ l>Vl o^>~. 

The Stack SJUail 
^ . «Last-In-First-Out» (Lifo) Ciy rj&- \j>-\ JaMjdli ^J&s* ,_** »-U*i1 

oJU<al» lfc» J-*-* 1 " ^1 iajjlaJl O"^ »-Uaill J**J . J*Vl J O 'o-Vl f-^>ji} o-UiJll Ja-J 
iyb i_^5i; OpwJl ^-V5i iJUadl .1* Ji> ^ . (1 6 _ 2 J&SJl jlkJl) pjJall J Oj**A 
JpVl j* |(Jl3 •yw* V**—^ J*^l J iJbJ+l cjjxviJI £-*y . Ji-Vl J ^b Sjff 

. Lifo iJK*A ^ oJLa 



-_ijl_, Push £_iil U» QouJLo SJUidL; ^p^dl ^ (17_2) JSUI JO^I^ 
iJL»^ v^ovJ .SJUiJil Jp -JL J^-J cjL^I ^JJJI aJLp 0>i .(^owl jf) Pop 
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iijiJl ik^ul_jj i (jC^L-l (jvXAi jjaj t-^jJ 01 If^i . •* s *-_jJ*Jl 7c-»\jJ\j iiJaUll oLu,:.^ 

. 4jL*-|jJl Ot>\>*~Jl J^ i*^-*^ ikwljr^ MPU iiUj ,Jp Oj-SL* 4j^JI SJwaJ.1 4_-5y 
4JUJI ifr^^Jl <aj%> ^ SD*~J' SJUaJ.1 <!j_}j» . - U s<a ' - 'l l oIJLjJ Cj^U«*JI ^0 N ^jA^aji. 
. tuUaJ.1 (JaP iojJLtf ,_£* l^lwwi Iji-j 1 aJL^-I jj| 0^l>uJl JUjCwhI *_»« 




(16_2) J£JI 




(17-2) JSJJI 

iJUdib i^^fcd) ijCU-Lu 
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J^jJL SJUill j*i«j of jSCr dUJL! . s«jLr s j^Jil 7^*; N o^sU^Jl Sb: j^^?- 
VLSC-iT iJUjJl oJL«> jJy . s^SlJill J>-b J N o}U-Jl «_>*- A~uj" Of c-£j t *J^ of ju,, 
iyt^JI oLi-Uil ,j>»xi« »_Jp1 je-j jlsJ ,«*jLrjf ii-j\i SJUidl Of t-jyw <-a £ jAj j>-\ 
Itjij o. t/v . 1 ilj y_)j M oli-Uil k-JU-fj rtj.o-j«Uaj (j J~s<ue)l I JL* ly.o./ij 01 ifs>Lo J5o 
i^Jl *_3.i Jaii *.Ja.*~.* icJlill ijJwJl CjUUjJJ S)S Of -J ^-i-yi l*j . *PjU oJUixljf 
s^ Jj?-j jp jU-il ^f ^»jil *U*pI _ji ,>» i*K j>.| j!>U- -j* Jai~d oJUidl Jstlj j| 

«_*jil Jp V^ fci *s i> " us^L* ^ >* ksU '■** ^ t5**^' 0* • ^_^ <J J&1 o\ jSic 
•jSUil j* 4Jli iJJj ^-SUjj . Jl&iVl IJU Jji Of i>ljU ,jS^ t ULp t J*oif u^u of 

Ju£^j gT ./i'.j i»«~JI I JLn . 4jlfUI ,> Aj_y*Xjl oJ.,iV.,U /^a ~<»Loul i_a»i«j y£*~j_ Of s*-*i*»JJ 

, «4PjUJl SJUiuil)) ^J-J* 

dik) JLidl olp,-. *JaJ l^lai W»UJJ i»-U-l />JL« [a\ 015" ^-L^-Vl 0V 1^*11 
l-— Ull j* 015" dUi5 .iJ»Ull oljjiv^. j-ud i»-U-l fJlJjf ifJUJl Lji^aJI oULUll 

. <iJUi} 0}^*~»i "-^jJ i_JUJ! Jp «4PjlJ» i>-L«* iif JUj0U-I 

liJUJU . oli^JI Jp Sjiji* *>-L*. iV tiS"Vl JLjo^VI Jy o^U^Jl of Ijj" U^if Mi • 

- ,~j {j\y» Jliuf «L1*-I JUI O^Ut-Jl {jA Sj-5 il Jpf *jJL2tJ t^ya^-Vl Jp (X-^-ij OJli) 
XJt- g-Jlij ^j icJUJI oU^vaJI J ^^1 ^JUI ,^^1 L2»- liiJi OLf . Aslij Jp SJUidl 

.J-VJ 

;jlpIS jL*>M tSj^ .RAM o^li J i^f ti»_^k>JLJ i_uSI / fyl S^SIS J sjuidl *a>^*J 
ik-l^ LS\2i3 hy**. iJUaJ.1 J*t ^-J^j bLi L^jji .UJIj-i>P 2t*j^' cM o* 5j -^' 
JUjc*-NI t^— p- iSP J>w. (j^aSjjf ibjj a>J-iJl)) *-Up l$J JiJ 5^ J^ J .SP J>w 

IfjJy .(<*iJl Js- oJpUII -y B^yxUSIljf ((^1 o^lJJl cJlS lij Ic^-s- c$f) ib«il 

SP J*«-JI jj-Sj tLUey .Ijji oJL,iII ^Ji^ LLuJbi ^ t ^JjJl *Ju* ^ ^ tcfUl 
J 5yji» iJS' Jjf Jl jji: l,if (if tSJ-idl ,y ^^ifr jA Jjh ^_2J ^Jl iUSJt; JJ 
i«j^jf jLW»Vjf i«i»U«iJ *^« IJLa) .iSjr *Jj iJLp p^-f jjijJyk oaAl .SOsiil 
^i)i ■^Lc (SJuidl U Jp 5y>L. iUS 1 Jjf Jl SjLiVl -u^-jj") ^J.1 li^ . (*Jjp- jy>j 

. SJUflJll Jp AP^^-J iJ^ ilJwi JUP SiLijJI jlkJl 0j-^ S^iL* J»JiI~J Of i^cl\ 
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£"' 



hJ JJ *_*>*il ol^at Jj& (18_2) JSwll J i>w»i>ll «AJil» *Aa* (j .Lji* 

uiJ Juu .i>lJJl j iSP Jj>~. J (2001) SJUidl J Syji. US Jjf ^Iji* ^Mji 

.ijijX* £-ij. JjU Jl jr^oj (19_2 JSLiJl _^l) 2002 4*J JJ SP jIjj 




(18.2) JX-JJI 





MPU 








» 






mniiM 


C~J.l 

5 ..<*** I 1 ) 




3002 






UliU Js-lj jlj; 











(19_2) JS^Jl 
^J^Jl 0« MPU 

(20 _ 2 JSCJl jJiil) SJUidl J*f -yi j^s. j^c^j A «£_»_,» 01* "iJUi ^-^j 
JJ 2001 Jl LSUfc C~*Z pJ .2002 SPJ yijJl *»s*Jl cJtf .^-^jJLl J 4L~J 
.(21_2) jSLiJl ^ SJUixJU vVl oLysxll ^ .S/IJJI Jl-iil 
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ii>-* 2I' 



IU> 



7 •■/'i 



c-uui jsu , r 



7 TZ» 

mm 



(Ha* lM«n dvcwninltd prior 
toPOPI 




XAil iJ*U » 







> iJ*li 



^ 



5>.^iill «Jj 




(21_2) JSCJJI 

The Address Bus & jjaJI J5U 

JJU jisj . S>*)J J5U, oULJL) J»U : OLU-b »Wlil» <tfll ^Ull <Sj^#)\ LA-'ui 
bU ^ .oVU-l jyt JjU ^ £jU-l Jl (Bidirectional) «UVI ^'Idl oUUl 



70 



J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



iUsy 1 6 i«-«j iJyjJl Cj>1>w< -jj" *jj*}\ JiU jJjZp . D7 J| DO _i oULJl JiU jU~i| 
ijyjjl JiU «l)Lu-.r SjU ji-y . aLx>j 1 6 **«j &jAp JjU ^ t^j^-l |1UI Jl ^r^u 
J-«UcJl aLuM t-^—j i ioU t iU<»j 1 6 -j-" \ajas- iiyi»Jl JiU rtJfit?- L-iJb . A15 JJ AO _j 

. cJ%*>j 8 Jl oLipUaT 

.O^L^j 8 4*-o ^y^\ ^JUil iJJtkJ V- 1 — Vl ^»bJl OVl JJ~ Liv»j JLaJ 

«Jla OjSo ((^UiJl L»Uai» J . iiUJl ( _ r ij 4>-_J Jp iiLJ.1 t-iJUsyj S^IJUIj oJjJl 
aLUJI Ja^.,.1; 4»Uj J* Lfits^jj . t^/L^eill gJUll Ailij ^ *>-j\*- 4-i^^" "-iJlkJl 

. O-sJLI 
Execution Of An Instruction £&il*jJI jj&jj 

. ijullU jl_^»f *£&; i<JUu JS" JL& 

Fetch jUo*^-Vl _ 1 

Decode JJUJI _ 2 

Execute JLidl _ 3 

^U J*~- Jl i s J i^i\ ^JULI J*b JJ JWj SjSIJUl ^ Vjf iJLdl >>^J 
IR J J>-JIj Ux*j . Instruction Register cA»J*dl J»w ^f IR ^X »&>ci\ SJL»jJ 
l^ ff-Zjj *S&cl\ 5J>-j ^ "L^Uil /«-j1^x]I oljLil jjjii . JLiiji \j^-\j . J1»«jC Jl£ 

. iuwilu oULj Jijj oULbP 

S^IJJI ii\»jj jLJI Jl MPU iiUjjJLj .(22_2) J&iJI J j^. i*JbJl JL& 

.ut^JI Jl j^Jil £-UjJI tsyi ^Jl (RAM jf ROM ) 

ij^jJl JiU Jl «_»U_Jl J>^«i oL^* rjii : ioJLdl _>La>wAil y* JjVl j jJJl 

. ««.l i ^f s^SiJULl ^Jaiu *j . o/£lJLU ^-i>» jL^-l lSj£j 

t (^JjJ) ■j-«j_jf) o_/S"IJU ot\jii\ ytj JjUJ jdl iX jJUl {ft oil* oJIp jj^ Jjo 

s^SiJUl Hj^l OU—f Jp Sjiji. toljjJl II* JJ j-. SjUiJl 8 Jl oUUl cJ%*>j »,.../»; 
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Jl oULJl *sry .(JL-llI Jl oyJ\ if -SLIU— I oJu> J) i.jlkJ,l oUL'JiU Jp ^^j 
.jLsi»«x-.NI Sjjj p - dJUJbj |»S^JI SJLs-P IR oUJLdl J^- Jl MPU «U, J^b 

J}U -^ Silp t( *£»JI SJb-jj IR JU .JUdlj J-UdJ U» oUUl otjjJJl 

l|ip ?^j («-^- »-A>-j ^l*-^^ j-U<»j i-^Lu oijL51_j (PLA) if jJL! <LU iJiki* ojiso* 

JLiJ 



.*Sl*j 32 j\ 24 t 16 t 8 ^1 £j-,l jf «fttijf oWljf 

SjS - ! HI Jl f-zrj of ,^SC»jJ! «0>-_j J*- u-^-i o">U>_j 8 ^ J5t i*JudJ Oj& 1^ 

. JvaiJl IJU J li-N JLL*JI .,i./i;.. .IR Jrf-li Jl £_>Ldl aJUI oCU-ljf tlil fyuj 

t^JJl ^'UsJI j-jJI i$f i Opcode iJLJl >«j jjlla *-Judl ,>• JjSIt i*KJl ^yi 
<_£ ol£ 1^1 U *&>«JI Sjl>-j «JL«j|) iJLuJi j*j JJji a* .l*jl./ri v^ <j^' «JL«jJI *M- 

. iSj>-\ cAil^ jUa^i^.^ l£\ III Jl ^r-jj of 



oliUI JiU Sj! 



ml 


luiiul 


a 




J»* 




IS 


oljLil 
PC 





Wffi^ffl'MfflMk 




!;:-.ll iu! 






OijUl 



(22_2) JSLJJ1 
IR Jl J/IJJI ,>. iJbdl i>- 
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t jtiJl JlOVl uVt J^ <->j~> t«iji« ioJLu JUL; J olj-^»Vl *-;& Uis^j of JUj 
•UxJL ixjl^u oUJUxS" sj^»U^Jl j*r . ^bxIL oLJjcJI JUiJ ^l ^yUlxJl .*_>lxiJI «aj 
ijtjJl J>w SaLy <--£ JLioj olj>Jl ^is^u-j jt -Uj . iJbu jjjlip J *_& ,_jJI ^LiJl 
IJLa Jj£ . s^oljjJI J*— SjIjJ J ilSLiil «_ij . iJLJl i«JUx]| JLAjj jUa>Uuil Uj-f -yi 
ly> JS" t _ f i5 dJJL! .g-.l^Jl J^v- (iUmJil SjUJI c. — 1>-) ,j^Wjf SjIjJj JlSLiVl 
j iJlj Ljuj (^ywil jl) LJliLi «a*J aljj (*>-_)L>- <jIj>^ tij&) w^li^Jl ,U«— ■ L^i J » » - ..j 
iuJbdl Ji ^f tS^ULU J iJUl iiUU Jl jfij *l\a iJ^ V p C J**^, UJUpj .PC 
(Ja .JtS'fjf OcJl^ *JJ*z~J i»JUiII cJtf lij SlkJl i*JUJl -^ aJLJI illiLl JJjf iJUl 

.(!+)-* (22_2) JSuDl J iu, iaLjJl 

JLiJV ti«U Sjj-^j .ojSIJJI J (_^-Vl Jbu Jb-ljJl) f-ilzJlj pt_*UjJ! oUJju ojii 

JLiJ Of (_*£ jdl iJUl i<JLcll jJb£ aJU-I «JL» J . £-»lJ^Jl (>» <uk£ *Ijj4 JUL; ■^SLc 

i*Jju" ^Jb" ^'UkJl *_jUxII iJf A-1C JjJl i*JUJI ol» Jt. .iJU-l i^Judl ik-ljj 

oJU Ji* .i-bt SjSli jl_^L* Jl Sjiijf Branch i_~*JtJ .>Jb£ <jf £-Or*JU o^ .<^-*»- x " 

J J-s^iJIj ^jjJ-" Ji'iJl tJ> . ^«UjJI J>«— J^li J* oJb^ "UJ Jp lul.,.>"J id-JucJI 

The Control Unit *<^"" Soaj 

oljLi] jti^dl iJb-j jJUaJ .(23_2 JSCiJl ^ £-*»>« (^) tlfLSL ^>v»Jl gJUll 
JJL»«j CU iJ^-j {jX .J/IJUlj I/O JliUilj ALU u« ^IjVl JjLj «_*«Jj ^Vj 

SJCjj j' ■/"^■"■-Ij 



oljLl)ll .(24_2 J5^iJl >JI) r SUJl eJU-^ ^^Jl JiU 5jU pJkij >r 5Udl JiU 

.(25_2) J£JL)I J i^ ,^>dl JiU J* v-o^l 

Hard-Wiring .^SUI JUu^L :^J^i\ iA>-j ( ..,»„^:l jli^J, OUjUJ /.JLi^uJ 

<LLaj LiLjjCv-L; i»J>U*^« 4j_,a-aI! OjUL-UvJU *£>d\ Ol Jb-j t_Jjpf , ijjk^ai\ «_«| JLi jf 
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J ^UjJl <!>_# .\a1Jc2 **ij*j i£s-^\ £-^' (^^ ****$■ <^>-^' 2~*^' ^ 
. J «j c u »JJ ijjiiXAjJ* bj& iaUll Jj 4515^1 J>-b J PLAjf U>-loJl ROM i/li 




(23-2) J£JJ| 




(24.2) J*JJ| 
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CjU-Lu -Lij 0^1 ^jJL- tiJjVl ♦ s *lillj V»JjJI j-iUJl \^jC*jt\ of -U) 
oU- Ui! *_~^ ^ l^—Si ^xJl lj3-\ Jjku*- . 8 8 .y» i/«»b- (j^A-^ pJl*« j ^r^ji 

. Sjywtil 



Jl J>of oMsoj 8 iv-j «^»Li)i tij^M* pJl*« Jjf Intel 8080 ao^l cJl? 
i^i^aJl OjU-UII (>* j^ J*ju liJjVl *j?-LJl ,yi . t£JLl£ ,t~» - ^- " J JliUS" ^^ <Jj~Jl 
^ J OpLj 8 080 l^ J**j" ^Jl <JtSl\ p4» j[ . vL>l y> f-^J UjjUI ^-uj & JlJ-l 
oU-Uil *^- j iSji^. JjA-S^JI *</pLi oV iS^Vl iwiLiJI *jj**ii\ oU-Ull jLju (.ji^ 

. AjjJwlJl 

J&iJl J fc~/» o^U«y 8 in-j 8080 ^yu^aJI ^JUJJ ik-ll LU-IjJI USLAI 
J4# (£^waJl £-11*11 .j«-oj»«1I Jp iJw. OjJaif ijlt JiU ^a 8080 SJb-jJl .(26_2) 
jSCiJJ o«Jl i^r Jp j$* ^1 B, C, D, E, H, L ijiy oUl ,>l>bU o!>W- iu, 
B, C, D, E_j (^Vl o^U-JI ^JG dUJU .A ^ij-l £-*>«JU SjU j^_ .(26_2) 
OJ^r Ji 8080j ieJUJl 8080 jp l^j^f *_« fL>~JNli JJli^l J»-f -^ .Ij^JL*, 

. JjjiaJI JjL (JUflJ^U yw»l>- jjuLa^b ljU>«w Uajf 



MPU 


IMT 
MM 

INTA 
INK 

READ 
WRITE 
REAOY 

WAIT 

VD/VA 

H0U3 

HOIDA 

RES 

OK 

HIT 

BA 

FO.RST 

SENSE 










*~ 


, 1 


M 


»J 





*• 










*" 


^ — 


.. -*. 



bLU. 



U.IUI filial 
U.IUI l*£^ 

ijSlill J| ili. 

SjSlill ^ ^1^ 



DMA 



•LoaaII SjIaJ 

feLuj 

tjjSjll UUl Sj^j Ojp 
JJH1I jij3 

ULjiSii uuji .ij^i jjUtj 



cijuyi 6i*J vUhIm.! jivi iijUyi 



(25.2)J*JJI 
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Jl ^yrj^. «>i^l L j J.UJI H Jii ^>-) L o}U~y H o^U- ^ 4 j* 
OO-*** 00=^ u>h->~> W kj>« (8080) i-b-Jli .(7 - 0j 15 - 8 o^L^Jl i*Jy 
Sjjkujjp oI» >( *£>JI s "»>-j L*-a>- L^JUax-Jj l^ik; ^Jl (27_2) J&JI J Z j W_j 

JjL-f J ^JiJ ^11) iU«»j 16 iw Oa^l Ui^-Jli °>f? 8080 S*b-Jl ajjb 

fLiVl .(SJUiil j$y) SP j (g^Jl J>w) PC U» ,^J| Oli* ,(26_2 J&LlI 
J CJ%*>j 8 Jl Ji Jaii ^r Jl J-«~J Lj H _. Sjj* 0}U~JI «JL» y> UaJIj MjJjJI 

. Jljill Jp PCH j PCL £-.UjJl J^J UiJlj iJJl ^UiVl ^JJ .cj^JI al* 
p-Jl .SPH j SPL sjlaJLI ^i> j* LLJlj JiJl 8 Jl c/>U>Jl ^a; dUi Ji*, 
JjU £-. Ua.f iij^ajA L j H oM>Jl Of jS'JJ . JL~. jy» (26 _ 2) JSLlJl J ^j^jil 




(26.2) JSLill 
(8080) USJk 



.Multiplexer loljdM £j-U» (26 _ 2) J&JI J j^Jil MUX ^^tfUl Jir 
,>• rjjjf -J^-lj J»«- J*o J^jj .MUX So>-j j?* Zji* yS Sj^cl* o!)U«- J*^" 
(27-2) J£UI J j^JiJ .£>jJI Jib jL* y tcij ^f Jj a^lj J»b <^^Jl 

.5 J* IfJ* ^ Lw .(8080) SJl^jJl iKjk Jt^Lij 
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Cj}U«~« CjL>j& Oj— **^ J-wo-ilj (APMIJ-S' (jvil Incrementer/Decrementer 
j»j . j£jJl JuL-f J p^dl JiU ^ .HL j SP j PC ^ iyuJI JiU JaJ/. .*yuJl 
oUJUJI ,y 5 Jb-lj iU IR iiL»x .(27_2) JSCiJl jLo JJ j^SUdl SJb-j «_. Jj-^. 

»JI^l«u . iilij J* RAM SjSl iS - iJ^ i2JU-l J ^j ifjA^S' o}U«~Jl jJLJ 
ACT ) JjIp Ulj A ( a_» J f ALU SJ>-^ .RAM J J>~» jl~^ MUX oljtfJl £jJU 
Lfcf ALU oJl^jJj . (eijJU TMP ) ^Vl J^-Jdl Jp Jjp J>«^, (oJjll ^^^JJ 

Y>f Jj^i- j£ij U JU^_j oLJbdl (8080) SJl^l jji*c~j yJiS kiUi JUj _^io*- 




(27.2) J£Jl 

8080 ij^^ sju-iji Usui 
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\0U$ 8080 aa*$JI Dlj -jj 
8080 Cycles And States 

£-~sOj 8080 SJb-j ilU- j . *£>«Jl SJb-j ^ ^U- J^. jAj IR JJ S/alJLlI y, 

. (DAD iJU: *bii^l;) Will Sjjj J} %li. jUa^i^Vl 

SjS'lJil Js-\j g-pj ^ (_gl iWL» oljji ^^-i- (Jl Sjji ,y> ioJUji J5 JLiJ i->lko 
OlXol jf 5Jb-lj 18O8O 5JL>-j J t i«JLjcJl 0j>5i C)f jj^c . ioJuJl J<j1> i_^j>o t 4~»*- Jj 

j S_jla>- J5 ^-W .*Jlii* j«w»j oULkP J"5^>- LU-Ij ilSlo !jjj J5 /».Ai«i«j 
^Ji);j oVU-l «Ju>. Jli«f jy i~>- Jl ifctt «_Jk5 WU Sjja J5 .UsMj SJU- «_ilsJl 
i-jju^. 4*JLw" JL& ^ U^b *JU- JS" Jjlji .(28_2 J£jJl j&l) T5 Jl Tl_. 
ijjii ilU-l j»i~jj ,v»ljj a*-Lo it^JtsoJI oLUjJI /■_>& i^_^ . /h^ \£y^-0 rt-»lJ J 

.(28_2 J&JI jlul) Sync jti^dl 



Tl 


TI 13 H 15 




♦1 














♦2 
SYNC 














J 


V, 











(28-2) JSlill 
Sync cJijl ^ejjl»i S*l-JI f^S 



j>JIj 1 j>JL Olj>JI j^ji3 .oo£> Oli ^L. (808 0) SJ>^I J*jC-J 
L-.UJI SJb-jJl jOia-J .5pUU (1) -yJaJI S>y ^ Phase jjkll S-U .Jldl; 2 
HIda j Wait oLJL^Jl *Ulx-L) 500ns ilU-l sju J>i-J dUiJ .2MHZi*U (8080A) 
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.iJU 18 Jl 4 ja l*A*ci J-.IS3I JLJfcdl v-Jk. .1/(2 x 10 9 ) = 500 x 10" :(HIta j 
^ L. rjljS ^ .(8 08 0) i»Jbd JUdl 5JU ._>„.->J of b£r viUJU 



4 x 500 ns = 2000 ns = 2 (iS 
18 x 500 ns = 9000 ns = 9 fiS 



Jl 
.2MHZ ipL» ,y>j^j l«i* 



. (8080A2 j 8080A1 iJe-j ^i.) ^f ^» (8080A) ola>-j ^ ^Vl ^IjjVl 
SjjjJ 1.3 /U.S J*5i fc_ik5j £yJ 4SU; 33 ^ 3MHZ JpL. iu,Jl ^Vl (O 

.(o^U- 4) J^Vl L*Jb*j 

Instruction Formats oUuIaUI jlmjj 

Ip^ LLjJS \y>j **JLc JS" t£y* .(29_2) J5C^JI J £~. 8080 i*JLu J~J 
J ifjJU 8080 oUJU; .^^idi^jf i*J5 -jji *_iJtj *jy* Ji>-jf aj_jLx=^-I Literal v^H 
(32-2) J-SCJl j»JLi. .£ J>JUl J ij^x&j (31_2)j (30_2) Jl5LiVl JjlJU>- 

. JjIwbjJJ ijtjvijj oUi>-}U 



UuJIyj 


-. ».*>>** ^ 




a>jji / ouyi 








tjji 














(2 


9-2) JSLiJI 






3.V 



oUU 



8080 



J^ol 



.Opcode tlfiwtx; df {j£s ^1 cj%*-JU ol^J* if dliJS t4*L*Jl j^j jUi>wJ 
. O^Uy 8 -yi iiJ^o iJlS" J ^l_5j jf i_j~ Jjjil iJL*)l j^j 0.1* «U£JL jJUi c-jL-Vj 

oJL* Jt« J . oULJl jjj» S»L>-(_j ids' jJLajJI y>j «_ji> of oUJUdl ,wa*j ■_ -_Ltt?" 
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. aJUl«V1 ^om jko b^j . otiUl ^y. iJlill iJKJl t jU*K i»Jjdl tSf^ *^' 



MNEMONIC 


OPCODE 


mi hi 


M2 






D;D B DsD4 


D 3 2 Oit>0 


T1 


tara 


TJ 


T 


T6 


T1 


raia 


TJ 




MOVrl.rS 


1 D 


D S S S 


PC OUT 
STATUS 


PC -PC »1 


IMST-TMP/IH 


(MSI-TMP 


{TMPI-DDD 










MOVr.M 


1 □ D 


D 1 1 












Xl3l 




HLOUT,„ 
STATUSW 


DATA— 


»-DDO 




MOVM.f 


111 


S 3 S 














{SSSI-TMF 




ML OUT 
STATUsM 


ITMPJ— 


MJATABUS 






1 1 1 t 


10 1 


















\i . ''' 




.-;■:.■.■■;-•; 












MVIi.mu 





D 1 1 O 














* 




STATUS^ 


B3- 


►•DODO 




MVt M, <h» 


11 


110 












X 








aa- 


NTMP 




Utt rp, ckn 


H r 


1 














X 








PC-PC41 B2- 


fcfl 




LDA*d* 


11 


10 10 














X 








PC - PC + 1 82 - 


»Z 




STA«Mr 


11 


10 














X 








PC-PC+I B2- 


« 




LHIDm** 


10 


10 10 














X 








PC-PC+1 BJ- 


i*-2 




SHLOtddr 


10 


10 














X 




PC OUT 
STATUSW 


PC « PC * 1 BJ~ 


•-Z 




LDAX rpW 


ft P 


10 10 














X 




*TATU«W 


DATA- 


*-A 




ST AX rpW 


d o n p 


10 














X 




<P0W ,„ 
STATUS^ 


W- 


P.DATAIW 




XCHO. 


1110 


10 11 














tHLI— -fDEI 






■ "• V-.'-- 


■:■■ •••■■; 




ADOr 


10 


s s s 














1SSSI-THP 
(W-ACT 




m 


IACTHITMPI-A 


.,;...'. ..'. 




ADDM 


10 


110 














(A)-ACT 




ML QUT |M| 
STATlrtW 


OATA- 


•-TM* 




AOI dili 


110 


110 














IAI-ACT 




STATUS* 


PC-PC41 «- 


HW 




ADCr 


1 


1 s s s 














ISHHTMP 
IAHACT 




W 


(ACTI*rrMP|«V-A 


' ,''^'''': 




ADCM 


10 


1110 














(At-ACT 




HL OUT IjM 
STATU8W 


DATA- 


>.TM* 




ACI ttait 


110 


1110 














MI-ACT 




PCOUT,,, 


PC -PC +1 B3- 


•■TMf 




SUIr 


10 1 


6 S S 














)SS5)-TMP 
IAI-ACT 




(01 


|ACTMTMP)-A 


.'. '■■■:<'« '. : ' 




SUBM 


10 1 


110 














MI-ACT 




STATUS* 


DATA- 


»-T«f 




SUI*u 


t 1 1 


1 t 














IAI-ACT 




STATUS* 


PC - PC + 1 n- 


►■TMf 




Hlr 


10 1 


1 S S 8 














(SS3I-TMP 
IAI-ACT 




M 


(ACTI-fTMH-CY-A 


.■■ ;>,^«i': 




him 


10 1 


1110 














IAI-ACT 




STATUS* 


DATA- 


►■TMf 




Ml dm 


110 1 


1110 














IAI-ACT 




STATUS* 


PC ■ PC +1 BJ- 


•-TP* 




INf>lr 


D 


10 














IDDDl-TMP 
<TMP) ♦ 1-AL.U 


AUMJDD 




■-' .'■■■w- 'i^ 


, ,vjl -(>_■ 




INflM 


11 


10 














X 




HI OUT^. 

status* 


DATA- 
(TMMM- 


• TMf 




DC«f 


D 


D 1 1 














■IBODl-TMP 
(TMP)*t-ALU 






■%"?% 




DCflM 


11 


10 1 














X 


HLOUT^ 
STATU*™ 


OATA- 
(TMPt-1- 


• TMf 
»ALU 




INXrp 


o o n p 


11 




















■faitftaSifj 








OCXfp 


R P 


10 11 
















:'*,■ ""') 












DAOfpM 


o o n p 


10 1 














X 


(rtt-ACT 


JU-TMP, 
lACTItlTMPI-ALU 


ALU-L.CY 




DAA 


10 


111 














DAA-A, FLAOSJWI 


..-■ ..**.< ...^ 




#$mj& 




ANAr 


10 10 


s » s 














IttHI-TMP 
(AJ-ACT 


w 


|ACTH(TMPJ-A 






ANAM 


10 10 


11O 


PC OUT 
STATUS 


PC-fC + 1 


IMST-TMPflPl 


[Al-ACT 


STATU** 


DATA- 


*-TMP 





(30.2) J£-U! 
8080 oUJUl JjJJT 
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c A ji <>" j* 1 oU w ^b ADI ' Data 

(r J^JI Ji J; ^Jl oUUl i)^) MVIr, Data 



M3 


M4 


MS 


Tl 


TJIH 


T3 


Tl 


T2ll> 


T3 


Tl 


TJUI 


T3 


T<t 


T6 


















































































































ITMPI - 


•■DATA BUS 


















rcow «i 


PC - PC ♦ 1 83 - 


fcrh 






















PC - PC ♦ 1 83 - 


»W 


WZ OUT.,. 
STATUslw 


DATA 


-A 
















PC - PC ♦ 1 B3- 


>-W 


WZOUT . 
STATUS! 1 ! 


( 
























PC-PC*1 83- 


t-W 


WZOUT . 
STATUS!*! 


DATA 

WZ - WZ ♦ 1 


-L 


WZ OUT,,. 

statubWI 


DATA- 


.-H 










PC-t»C*l B3-- 


*W 


WZOUT,,. 
STATUSP' 






WZ OUT ... 
STATUSl'l 


|HI — • 


-OAT A BU9 








WZ ■ WZ + 1 






























































































Ifl 


(ACTJ+(TMP(-A 




















[91 


(ACT)*ITMPI-*A 










































Ifl 


(ACTI+ITMPUCV-A 




















l« 


|ACT)t ITMPI .CY-A 










































[91 


lACTWTMPI-A 




















IM 


(ACT)-(TMPI-A 










































M 


lACTt-ITMPl-CY-A 




















l« 


(ACT)-(TMPl-CY-A 










































STATUS M 


ALU- 


•-DATA BUS 








































HLOUT 


ALU- 


- DATA BUS 






























































f/M-ACT 


IW-TMP 
lACTl+tTHPt+CV-ALU 


ALU-H, CY 






























































m 


(ACTWTMH-A 





















(3 0-2) J&iJl gU 
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1 6 ciljinJl ^JMi • 5jJLs£ tijQ 4J^J«Jl i_JJaJ jf 1«JjC]J jSic \Sj^ ^Vls- J 



MNHMONIC 


OP COM 


Ml HI 


Ml 




D7D«D«Di 


DiOjOi do 


n 


rim 


T> 


U 1 T* 


T1 


t*W 


T3 


aw dtt# 


1 1 t 


otto 


re out 

STATUE 


pc-pc + i 


INST~TMf/IR 


(AHACT 1 




STATUiW 


«>PCH B3_ 


^-TMP 


XRAr 


10 10 


1 s s s 






■ 




1 




(Ah»ACT 1 
IBttMTMP | 


■ ■■-,*-. ■•»■■■ 


M 


IACTJ*lTPMMA 


te}>fe 


XRAM 


10 10 


1110 














lAl-ACT 1 




HL GUT , 
STATUS'*' 


DATA- 


•-TMP 


XRI diti 


1 1 t 


1110 














lAl-'ACT | 


PC OUT 
STATUS^ 


PC-PCtl B2- 


*-TMP 


ORA' 


10 11 


8 S 6 














(At-tACT 1 
«Mt-TMP 1 


W 


IACTl»(TMPl-*A 




ORAM 


10 11 


110 














(Alt ACT 1 


STATUS'Bl 


0ATA- 


♦•TMP 


OnidiU 


1111 


110 














IAI-ACT 


-ft I^JtV* 


PC OUT 
STATUS^ 


PC-fCM B3- 

~ 


♦■TMP 


CMPf 


10 11 


1 s t fl 














(A! "ACT J 
(Ittl-TMP 1 




19] 


IACTI-ITMH, PUGS 


^IS^v; 


CMPM 


10 11 


1110 














(Al-ACT 




STATUS* 


DATA- 


-TMP 


CPldrta 


1111 


1110 














IASACT 


PC OUT 
STATUSlW 


fC ■ PC * 1 B2 - 


*TMP 


RLC 





111 














Mt-ALu ERriEU w 

ROTATE OBHKffljfl 


ALO-A.CV 




RRC 





1111 














(AJ-ALU 
ROTATE 




l« 


ALU-A, CV 




HAL 


1 


111 














IAI.CY-ALU 
RDTAT1 \ 


W 


ALU-A.CV 




RAH 


1 


1111 














|A>, CV-ALU 1 
ROTATE | 


141 


ALU-A, CV 




CMA 


10 


1111 














iA>-A ! 




8^^^'^'- 


l#v 


CMC 


11 


1111 














EV-CY k*j« 


:£^|g: 


STC 


11 


111 














1-CY 


y&&£m,&g$mwm\ 


JMPtddr 


110 


11 














-lira 


PC OUT.. 
STATUSW 


rc-pcti aa- 


frZ 


JMndxMrH^ 


1 1 c c 


C 1 














JUDQCCOHOITION 


PC OUT 
STATUS'S 


pc-pc+i s:- 


•z 


CALL -Mr 


110 


110 1 














SP-SP-I 


PC OUT ... 
STATUS'*! 


PC-PCH B2- 


-X 


CwMtd«Wf("1 


1 1 c c 


C 1 














JUDGE CONDITION 
If TRUE.SP-tf- 1 


« CUTE- 
ST atusM 


PC-PCtl &2- 


»z 


RET 


110 


10 1 














_, -mm 


STATUSMBl 


SP"8P»1 0ATA- 


*z 


R eoncf H-rUTl 


1 1 c 


C 










IMT-.TMP/W 


JUDGE COHOITIOnH*! 


STATUS"" 


Sf - SI* * 1 OATA- 


»z 


RSTn 


1 1 H H 


N t 1 1 










INST-TMP/IR 


SP-SP-1 


5P OUT IIM . 

STATUS"* 


SP-SP-1 IPCHI- 


••DATA BUS 


PCHL 


1110 


10 1 










INST-TMrJIR 


1HU, 


-PC 






tWrtVf' ,'-' 


PUSH rp 


1 1 R P 


1 D * 














sr-sr-1 


STATUSMOl 


6* - 5P - 1 (rhl- 




PUSHPSW 


1111 


10 1 














SP»»-i 


BTATUSl'* 


SP-SI»-1 1A|- 




POPfP 


1 1 R P 


1 














X 




STATUSMW 


SP-SPX OATA- 




►OPPSW 


1111 


1 














X 


$&«_ 


SPOUT.,.. 






XTHL 


1110 


t 1 














X 


;T^gfa4^V 


STATUS'^ 






INpofi 


110 1 


10 11 














X 


^&S§& 


PC OUT... 

status™ 


PC-J*C*1 sa- 




OUT port 


1 1 t 


11 














X 




PC OUT M 

STATUSlN 


rc-pcn aa- 




El 


1111 


10 11 














SETINTBP7F 


,- ■. r<.^,\m-$\ 


PI 


1111 


7 1 














RWCTINTBF/F 




pWWgWfa'BS'ir-.' 


HLT 


111 


110 














X 


STATUS j 


&&$&*& 


NOP 





oooo 


PC OUT 
STATUI 


PC-PC + 1 


lWT-*TMf/IB 


X 




mlMl 



(31-2) JSLUI 
80 80 oU-Lc JjJi^- 
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(31-2) J£jJl q\S 
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: M5 j M4 KfjH\ —IjjJJI Ji_. i^ill J_>£ ,! lil - 13 
(Ml) oUUI jL__.l J| ijji _Ji j, NJb gJUl (.Jii 

.iJtll oU.J.tII JjjoJ 

: M3 j M2 ^ejill oljjJJI Ji_ J»j_l j_>£ ,1 l»| - 14 
(Ml) _UJ_!I jL__<l J| ijji _Ji ^ „u gJUll f JLto 

.JJbJl oUJ_JI ijjjJ 







i*\jiii 4*frj* — IjjJ X*ii _ 1 5 






4jt£JJ Ji^ji Olj.p JLaj _ 1 6 


ccc 




ij^JI _ 17 


000 




(Z = 0) >~» jr* - NZ 


001 




(Z = 1) jirf _ z 


010 




(CY = 0) Jjii.jJ._NC 


on 




(CY = l)Jj_._ C 


100 




(P = 0) <,l_JI ijji _ PO 


101 




(P = 1) *;l_ll Sjfjj _ PE 


110 




(S = 0)_lj_ P 


in 




(S= 1) j_U_ M 


J.>*j* 


Jill tijl ,y_l >.j 


?■ ....I ; J&JJ s^y »jj* —18 




.(15-AS) 15 - 8j (7-A0) 7-0 *y_ll 



19 



<JjJ US'- Jl '-«»> :!l «"»■ *-' J** ^i gJ^I ^ _ 2 
CPU Jstjtf _i>- ,__. JjJ _* .Jie-jl <^r iil^jjl «_•!_ 
.._ijj| ^U- J| jjJUl ^y. J-J-l J_ .1^1 JLuj ,_y-l — c 
.i/IJJI J j~> jjy*l lij gJUl Uj SL«JI ijle| JjJ _u 
JSU Jp ijilL _._JJ oUJaJI g-JUll -Uj *«M_ JjJ J~ 
.(tlXiVl JiUj i^Lo .si*) oUUI 



SSS jl DDD 


i^ill 


fp 


—Oil 


A 


111 


B 


00 


B 


000 


D 


01 


C 


001 


K 


10 


D 


010 


SP 


11 


E 


011 






H 


100 




L 


101 





Jjti .jL__J Jjjj yb ^ (MI) J/fl JjSlall Jjjj _ 1 
, Sjjtill ~» »Uj1 j.A^t.i ij ^LLaaJI ^«j t5j^ 3l>. (Jaii jl) 

JSU T2 J^U <JU j* 5/UJI j. JLiloil Ready oilS li] _ 2 
Ready g-AS j>- (TW) jl_!l «JU- JV-Jj gJULl 01» i/li ijji 

oU**U ^.jl—. j* U ^__- .iJj^. T5 j T4 oNU-l _ 3 

►wl j»-ijji jiUi _iy» jiijs ,cpu J jjsjx yw.> ^» ^ji 

.J_l jLaiVl ^'>V ,►__ 1J* .oliUI JiU J* T5 j T4 
_U_JJ J_> J*—-; IpSJ, *ILU jj^j J| _£_ «X» ijLl^l 

.oujui j,u jt. y»-ijji 

O 1 *;—)! p.|jjt _u j,j4 ^ _ 4 
rp = B (C j B c*5J>-) 

jl 
ip = D (E j D C/A.—') 

.ai_oNU-i ._ _ 5 

. oUU <Jf j( ««JLu t^ iS^lJJI ;*ljil Kfi-j Sjjj _ 6 

.i/lJJl ikSJ Sj*ji Jjjj _ 7 

!jil_l ijftj-i" ^IjJ- 1 " 0^- *>jl— • ^ Ready ijLi| _ 8 

jO-al V . M3 j M2 J%1. Hold SjUlJ JJii . (M3 j M2 ) Slldlj 

DAD lis J5U M3 j M2 ..i- . M3 j M2 J^ Sync ".jLl| 

.J/IJJI J| j-^-ji'il it-Jl o5U_ll £ljjV 

<.iU .11 jl i^l_J.I __0_l .JU gJL-l ilj^V _ 9 
,T2 IJUII i^Udl !jJJ JX^ J»- (A) {-*> ril J| ijlJ_Nl jl 

n_«~£ tfJUll ^Lilll u _ r _sl_ ^JJl cjjll J Lju A l)( i^l 

.y j/l £_-JJ ilj* J*^ 1 4-11 — %*jll W — !U li] _ 10 
. j-ChJ.1 J| 6 —ij^lj iJ»— 11 Jy»_l *U>j _U li|jl 9 

IjjjJ (oUJ_ll jl_~_l) J/fl Wjill ijjjJl Jii li* _ 11 

.yui oui— i 

J* WZ JV-II ejj ^kr* £)* '-V 1 J-*- lij - 12 
,(PC) (>-l!jJl •>>- oly» ^. "ilj. (A1S-A0) «>*ll J.,,- 1 



(32-2) JSLJJI 
8080 iJb-jil oUJUi jj»_> 
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. &jA {j&j> &J Upj . 8 8 J J*jC^»I J-J J^kf jtj* oUK 3 _» J~Jl 

JMP Addr (ijbt Oly^ Jl >»l) 

Call Addr (^Jb£ OlyLP £JlzJ) 

. IJLij fj~»Vl ^ i*JL~ j*v»t» liJJJU . aJLIj^/xiUI 

.(31-2)j (30_2) JS^tJI J JfcJU oUakkll 

•Jl>-lj 4jU*u 4«JLu Lie 

JJ ^ S^U J-iifj fj-^l i/> 5JL»-ljJ! aJUUI ol i oULdl jjiu t Lull (i«>- •j* 

:<y. 8080 J SJb-ljJl SUM oli -LrOjT^dl i*JUJl . £-«jil 
M0Vr1,r2 

Ju ^ AjI«jJI »Ift . «rl J>*~Jl Jl r2 J>wJl ob^ JiJli iuJUJl «Ju ^ 

p-lj ^U <J*p >j t i^U-l ^LiVl oli ^Vl o}U~Jl_,f £**!! Ji. cJUl 
.(33_2) J^LiJl J £_^. i^Udl fcUjjJb .^JLpVI J* ^U- 

r2 olyat if Jsp-V .r2 oL/at Jj i>_,L-. rl olyat ^^ a*~UJ' >V& J~ 



rS I I 00 1 00 Ml 



rl lOOOOOOOl 



a I too i ooi 1 1 



rl I 100 1001 1 1 



(33.2) J^JSJf 
MOV 



iSyj y (MOV rl, i2) J-UsM ^'Wl fUUI J-4 LW* Jtf Of v* W"" J* 

^i .i^Lj J^Ld Assembly-Language Jytdl aAJ ^w, y,j .Mnemonic j^k-Ji 
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y*j JjVl >JI Jpj (30 _ 2) JSLSJI J i^JLdl «JLa Jir 






1 


D 


D 


D 


S 


S 


S 



Jic .^'Lill f lkJlj iUj Jig D j S <-»s- JJ .Lfjss- ^ JJUJI IJL* Jlj,N 
J>«- *UiL £J%*j &*& £_^J ■ J^^ 1 cK-- Jl ^j* o!>U> j #& 4 aJ^WI DS Jl 
J>~- Jl jjiJ o^Uj lii^I Jlc SSS dUJb l^Jij . iL^t iJLS o^U^. <y Jb-lj 
j_^ll ^^ . -v^tlil y» 1 J*«~Jlj j X^jil y> 2 J>-Jl Oj£j 0t 1^» <d* <-ijUil . jJUail 
y> C J^JL) j^Jlj 000 y> B J>wJU y^l ^!Ui .(34_2) JS^iJI J o}U~Jl «JUL 

.Ij^mJUj 001 

JUoi,"^ -(35-2) JSLsJl J ^ 8080 oLJL~" '^y^r J il»*x~ll oUJk^ail 

. oUJjdl Skjj JJLst jf i_^ ^JJI (jj*«ai\ ffJL«ALi *&>«JI ^.^a.1 ^ J. 





O^wJI J^*j 






MM 


s 






001 


c 






010 


D 






on 


E 






100 


H 






101 


1. 






110 


;/UII 






in 


A 








cO^«~JI p-ljjl 








oo 


K 






01 


DE 






10 


HL 






n 


SP 















(34.2) jSLiJI 



(MOV rl, bl JiU^I -j^r . £-^l J~* Jsf-J JijkJl iiJ J-Si jy. x^i L^** 
£-a t^-bU^Vl jL^I i£/r '^ •■** J -« r2 Jl rl ^Ay** J* 1 ' 1 ^s 8 ^ 1 «j tp^ r2 ) 
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, (SJU-I_,) 1 _ ii\st- iJUJ jlill Jill 



ADOr 



oJL* JJs jZLc .(A) A-*»*il Jl (r) u a^aJt- J«— cAjj& i*JL*iII ei* £_*j£ 

oJLL yjbiJl J-Udl of i^y Of ±£s (30_2) JSJJl ijUc .A = A + r_j L_^j iJ^jJl 

Hlolol 







S IS IS 



Jl C J^-JI £~»>«i) *&^ ■ £-*»«il Jl ^-»Uaj of «~£ tfiil J>»J| *jJ. SSS 

r^y. ^LUll a^JUxJI ^.. : .y»; (3 2_2) JSLiJl J »Ua*ll j^jJl JL*^,L ./«-»>i 



10 1 



111 


1 UU 


tt 


2 SU 


10 


3 *!U 


r 


J*- 


SSS 


jJUa* 


000 


. 1 ,A '** 


<p 


uh-syj 


H 


Ji* 


I 


uAiii. 


n 


(?_6) lily* 



(35-2) JS^JJI 
8080 cjULu oU-Skol 



J>cjl>w X*JUji Jjti 

tj&j&j 4Wj>i>JI <*JLol 



API data 



(B2)_i l^ij JjJLjUJ Ji£j oUUl (u£l^) i*Jbdl «>JLA v 1 ^ 1 i*^ 11 lSj^ .(36_2) 
oLyat ijjw" .(35_2) J5CJUI J ^-j^Li B2 Jli.f oWlk^Vl .(30_2) J£jUI J 
l^ . L&H- ilY> if OjJ^ oUL o^U»j 8 _S" J*l*y Lij- LfiL i«JjdU iJUJl iJKJl 
: i*JUi]| oJL* y»j . ojLJUjJLj iSbU- i2JbM « JIA c*~J _ 4-^ij oliL _jf >-ij>- L«i Jii of 

1 |1 |o |o |o|i | 1 |o| 
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.(30_2) JS^JI oLu ^ J^,U. 

i_Jpf J ^ju «Jp-V» «Immediate» , J^-V J*i-ij tADI LJUxIl ^^a^t J I Jic 
J**i~J jf ^ oUL ^j^ a*JUi!I J?-b (oUKJljt) iJUl i«Ji53l if i^Jl oUJ 
I t *Ip JSwj . (oIJUjJI jjaj \. *J»Uj jJI i2j_,k)l ^j-jii;) «J»L2j V jf i— £> oLiLi' 
cjUUJ sji^Ij iU- .wiks . oj^ J.U; of «_ji JlzJVl jf iJUl .Jb-I^Jl £ljL| jf ^ 




0000O000 00001000 

I 




00000000 00001010 



00000001 



Utlli^UII 



\AaJ 



1000 
1001 
1010- PC 



(36.2) JSLiJl 
ADIiU- 

oUU- 0!)b itJLrf Jjji 
oI>p ^ («--*>«il J^-» t>~ <*Jxdl oJL* . oUl>- ^!>U LDA Addr i*JL»dl <-,.Ua.J 

.(30_2) JCiJl ijUc iJUJl oJLL ^'Uill J-Ldl J-^ .(jcdU v 1 ^ 3 
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1110 10 



J«~jl *jjl*l\ 



IJJl il>-)l 



. J'J*J 

8.15 iijiuli o5L»j 



B3 j B2_> oUU- .i/jWl oli iJ*-.U 5iJliJlj iJ^ 1 ^ULl cs^" «.>-»>-Jl v— >■ 
iSj£ (31_2)j (30_2) J&LsVl j iJLl oUakUl .(35_2) JSLiJl J ^ [S 
Ljk^ai\ oU-Uil J oUJLdl JLU .8080 5Jb-j J <«JUj" if JLid iU£JI oLL^Ijll 

JL& ,jJl Uijkll 0^1 ^- jJLU- . i'%* jf uj^ jf il>^ oLJLslI Jir (-ii - hjj JO) 

. 8080 U^j JpMj oL-Ldl L,. 

Execution Of Instructions Inside The 8080 8080 S^^JI Jib oUdxill Juiij 

8080 iKJ. iJLAlJdl Ju*»l&l .8080 SJb^jJLI iJUI-JI iKil Vjf ^/i^.. 

_pj jisj j4* .J&UI Jpf J ^IjJI J*LJI jJU .(37_2) J5LUI J iJliJI X_,JJ i^> 




(37-2) JiUJl 
8080 iJi-jU SJU-loJI UUI 
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y. (D7 Jl DO ) OU-Vl j* J^UJI oULJJ JSUI IJU. Ju^tf-I cJ%*y\\ Ju*u£ 
iyjJl J5U jjyj .i.^kJ.1 JJuid ol^JLU.1 olj^-Vl o!*SUl JSLiJl Ji-f J jJU .lJJUII 
J jj** (I otsL^>JI »Ia) .WZjHLj SPH j PC lJpUII J_>LJI oli o">U-Jl ^ 

«Temporaryjf ACT ^JU J jU (A) ^_*>Jil a-~; . a^jl* uJ^«— ALU J**Xw 
J*~JIb TMP ik-l^ ALU J -^cVl JUoVl Jjw .oi)ll £-*>il Accumulator* 

. ((Temporary Register cJ^.1 

. J^-JI IJL* Jrf-b JSSfjt ilji ,^»js-. ALU l^y 

oLIjJI vio«J ^/ *-iy i^JUJLI coU-LcJl JLAd Aj-iUi c~~J iiLSJ-l «JL^i jJUi «_«j 

.La J^oiJIj 

C---J . ALU jLj Jl SjjjIj *f-j^r <J* <uSy> ioUl ^IjibU iJLsM jJl otA^Jl 
iu« aJWjJI o^>-Jl bJLa {j*jJ>£ .RAM ol-i^-jS - LJU^b c~o.Ai.irfl U^V oIpj*^ JJ 
.PC j SP irjijll o!>U~J1 Jl aU| (B, C, D, E, H, L) i-UJI ,_^l>bU c/>U-, 

sa^ll oV v^j^ 11 IJL * i£>r ■ C l -*-' f Jl ^ B ' C ' D ' E ' H ' L ^ ,JU *~ J "^ JJUi ^ ^l 
. (BC, DE, HL) Jt» o^U-Jl r|jjf JLjcL ?«— j <UoU- oU-Lo Sj^f 808 

Jp j^t; V LpSCIj jyji of v£ ^-^ ^y^ 1 oU-Ull ^ J L.^' oLJbdl ,yi*J 

jlyi jJI aj^XjJI iJ[ ^ «i* . (MUX) oljJ ^J JL« o^-Jl ip>*jf Jpf J j^j 

JJUiJl IJL* fa .(&PM1) iiyt ^-Lr* o!)U-Jl Ji-f J jJu; . J^- jL>^/ oLU 
^^uo J^>- ^^fcjjf SP j PC jIjj of l<il>-.l_« -_/xe ^J! OUiijf ialj jily ifj*J\ 
lj*-j ik&j Lji ei^jx^. . JSCiJl -yi jLJl ^f Jl (»5^«JI So^-j ^^ . oLLuJl 
.oCUl JiU ^-. JaJjll (IR) oUJUj J^-«j S>f (t^xll sj>-j .J-soiJL pi^Jl 
.SiJb.il oUJLjcJI Juij" -c^ ^^ J^f ^j^A<^J J*«~JI l-i* ^jIjjxs 1 J^i 
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£_,b" ,y>y3 ik^l oJLft jf JJ3 .(30_2) J£JL)I J Jakill iJll ly, ^jX^. 
,j\) iU*l J£] Ijvaifc J£JiJI jL-j Jl jl>J .8080 S Os-jJL) iL,<aill aJL^-IjJI oLJUiJI 
Ml, M2, M3,_. ^Jijil t JLJl j^l ^ .(JijfcJl iiJ J l^ Jir ^Jl ii^l ^ 
Sjjj i*i*; J5 v_JkS . aJL=AI fcSlil oIjjj J"5U j^J ^Jl iUiil oLLwJl M4, M5 
.UJLid iJWj oVU- SJ* iJU !jjj JS «-Jks ,JtS"f Lcjjf iJiVl J* »Jb~lj £5U 
.^>vJl gJUil J^-l-i IR Jl UJj-j S/IJJl j, i»JUl Ml fcflll Sjjj J^ j*>*~i 

The FETCH Phase jLaxLuVI j ^ 

oVU-l .1* c ^j .Ml iSUl ijj^J vi/fcJl oVU-l J^ jU^Vl j> j^ 
cH>' '- 1 * Ji JM' frjIsJl ( 30 - 2 ) J 5 ^ 1 -^ JV./J .Tl, T2, T3 i**J| 

^pihO-J of <~^r OU-Ldl < «_ s ^- (jV 4jjiu*a}\ Oli-Uil oUi» /«-*JL il_^ y, Jj^HJI 

H JiO Tl 4JU.I *Lif i~UJl jUj-I ^. J jVl j>Jl J-^4 . JLidl Jj 

T1 : PC OUT 

^f ^j jU^Vl U*p J l^- Jjf . (i^-jUJU PC J^i jLJl |JL» fyb 
jL^-l life -(PC) it^Jl J^w- j ol>>Jl IJL* o^lji .s/IJLU aJUI i*JLdl oly* 
ciJU-l J* J .(38.2 JS^Jl jlW) <yuJ| JiU J* Vjf PC oL^aft ^y oUJLdJ 
V-W t^J 11 J 1 ^ 1 lM 0-* ^l^ 1 •/l-M <•>* J^ J**) SjJIill Jp ol>*Jl ,>yu 

.i/lJUl J 

jlJiy 1 jai\ s/loJI ^Jy. cAij* jjs of JJ 4JU jJUl <>• ^^ £-* ^■ <i,i "-' 
^j ^^UJJ v-UJl ^UxJl ^xicjj: . oUUl JiU, .ky cpJl »/IJJl £> Oli—f Jp 
J^-* SjLj ^ UwJl J* ^>sJl gJUil Jstb (U iJL* ,bV SjJIJJI Jl j-^jJI 

T2 : PC s PC + 1 
iT2 ^JLUa- .(39_2 J5^tJl Jiil) i/|JJ| uly »LJl t (1) H PC oL^t ^Ijj 
•j^c, T2 iJU-l <A{ J 5/lJJl oLjitf. ylys .v-U)| 8080 SJb-^J iJli ^U (500) 
:(30_2) JS^iJl ol*r^JiJ 4-udl SJLJI .^>a5I ^JUil Jj l^JLu JijUj 

T3 : INST into IR 
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(38-2) J£iJl 
i/\M Jl (PC) jU^i-'SII i~bJ J-ji 




(39-2) JSLJl 
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Ul Ji^ .(40_2 J£JI >l) JU^- ^ 8080 S -M> ^M^" J?— Jl «^J 
t^JLU ^jj^JI j, ^ T3 J>U IR J W*dl ^> •*** • V^ M1 J T4 ^ 

.T4 tSJb-lj ill=- JiVl J* v^ '•** •'rJ^J 




i/IJJl o« 



(40_2)JSLi)l 
IR Jl J/IJUI y> oUUJI JvaJ 

^IpVj <4Ji £»j .T5 ilU-l </ M1J Ulj>\ iJU- oULdl ^ ^Jlk; 
JS^JI Jakfc Jl 4JU >J JrJ ■ gJWl W^J J-*^" ^ 5JLJ-1 Ju uji oULdl 
.iJU-l J**i~j (I ^JUil uf Jp JjJ T5J i^l j SpjUJI oUj^I of ^ (30 _ 2) 
t^f oIjjj jf M2 j Ml ^f Ml WLJU . SJ^Ij Sjjj -^ Jtff iJL*; JLiu ^Jko ^j 
U**ll ^ils jJU .M2 j, Tl aU J^b Jl Ml J T4 ilU-l ,y S^L. JAJI J^>~S 

.(41_2) JSLiJl <j 

MOV Jb>f i^-i^Jl oLJLdl .Liu, iaLcdl oLL*Jl «^b" J-^U; jVl ^-jOu- 
o!>U~Jl £_-*■ iLUj j-yL-j ^i-ji IJu .JMP addr j D, C, ADD r, ADD M 



93 



J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„l.' 1 1. 1 l .l .lll .'.l., i|. '. II l.l.Tl 








Tl 


TJ 


T3 


U 




KCHG 








(oVU- 4) 












IS 


M0Vtl.r2 













(OVU 5) 



>m — 



-*+* Ml *■ 



MOVr.M 



(liVU- 6) 
13 



1 (Olb- 7) 



(41_2)J£i)l 
8080 J ,^-L.Vl ^.IsJl 



MOV D, C : fcjii 2U- iLJU; 

U>.j ,_A*y jtfj . D J^Jl Jsfcb J[ C J^JI oLji* MOV D, C iJLu JfcJ 
JSLiJl J .D_. Jill IJL* J J**JI 4-*-.j oJUall Jj> jp J^>- .jAJl pJJl J 
(30_2) JSLiJl J 1 _^JI Jp -jjj,, 8080 SJU^U J>-UJl £jt=Jl .JiJl 0^ (42_2) 

.JjUII J_^jd! 0e (43_2) JiCjUl J .(MOVrl, r2) 

^ i^Lcil jU^V Ml SjjJdl Tl, T2, T3 JjVl ii.*iJl c/flJ-l fOij-i 
j£x £~- (oLJLdl J^o. ) IR J iuJUill T^a; T3 il^ J iU,U <_i*9_> |^3 ti^SlJUl 



J* 5 





c 


00010001 


I aoo iooo 1 








^ 




iL 


1000 1000 


10001000 | 







(42-2) JSLiJI 
DJICJa 
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jjciJ.1 U*JI y.j T , n n u T5 






MOVrl.rJ 


0ID0OSSS 


pc our 

WA1US 


PC-fC+l 


INSI-W 


(SSS)-TMP 


(TMP)-DOO 











(43-2) JSJJI 
MOVrl, r2 

:(44_2 JS^JI y^l) TMP J T4 J^U- C ol^ oyi 

T4:(SSS)-*TMP 

. C J>*~JI <£*> SSS iJU-l oJLa jj hcjIj&-$ ,j^j,jii\ (ju ioJLcdl ^>u 

:(45_2 JXJJI >Jl) D J tT5 .bit t TMP ol«yat jy£ 

T5 : (TMP)-*D D D 

.D J>«— Jl iiJL>J.I JUaiil Jj C J**-Jl oLyi£ cJii . i*Jjdl JLiJ oVl *j 
js- ^j M2, M3, M4, M5 i^y-Vl WLLl oljja J*jc*J 1 . i«JL«dl JLAu ^^^r^. I j,. 

. Ml iilfi J JLiJl t-jiiyj . hjJj+0 
lj& ^ 8080A i^iLill SJi^JJ ilU- J5 ;^ . *J^— j i*JUJl oJa S^a t_jLo- ^j: 
La JLi^J <j^JUall ,_L>-ly ^r**^ Sj3 ^ i*Jbdl oJL* ij& . oil j^Li 500 : ipLJU 1 

.5 x 500 = 2500 (vtfr U ) = 2 • 5 ^Jj^t*^ 

(T5 j T4 ) (jdU- a*JLcJI «1* cJLks lill jLo of tyM ^s 4 ili^JLil eJu j 
TMP Ji C oLyat JiJ i*JL-dl jV t^jjj^ O^ 1 *- ^J • D Jl C j* oljy^Jtl JiJ 
S^JL. C oL-^yt JAJ J4-VI y 4if jwljJl -y jXj . D Jl TMP oLy* JJfcJ ^ Vjf 
. iJW jJL oM>**JL! jUsJLI *-~S"jJl t^-^-j (j^jf jj* i-i* -iaJ-i sj~J_) . «jjA« iJLxj D JJ 

v_^l / fjil SjSlij SoyUl RAM -yi *}>- ^j* t£LiJ-l J tiJUMjJl O^J^^JI «_j^ 
J&-\j Liij J ^^Xj jf Ojm of Ja«i SJb-lj iJLSJ J&j i^ywiJI *JUll iiliy iJL>-|jJl 

lib i>* V^L* !*ljjJl *£ Of j£*}>\ j& ,y <0L» i^-j-Jl IJLi . «.sy«ll RAM \iy> J^- 
dUJLI . RAM J rjzy ky> jf RAM Oyj J J U| j^>-j v^i ■ -^'j ^ J ^* t <*-*!>* 
1 TMP tcJji-« J>«-- j lt\}>"J RAM J>«~Jl ^y v/^>UUJl Selyi Vjl ,jjjjjii\ ^y> ^-^eu 
4t ^xj IJLa jJU. of ^p^r . (D 4JU-I oJL* J) (^LJl JL^ail J*wi J ^^1 S^ LfjbSd LJly 
oli iJL«jJl iyt^xll olA-Ull A_f»jL il_ ? ^i,.jjb jujoJl IJL*> tU^** <( »j%i^* ( ^«-vgxS' 
Jjl aL^jJI i^^ <j LoU*l Jbfl_jj Vj oU-lj<*LI L>jA^>- ^-J y>j .il«lX)l aSLS^JI 
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J*. Sjbr i-L- &i£ J^JI ^ J RAM J ^ULl JUx^-VI IJLa . ijSi\ ^--IjJ-l 




(44.2) JCill 
TMP J C oljst 0>2 



iJUjJl oJLa «^Izj jkJ! SaUij (42 _ 2) J5^Lll JJ £j>^Jl (^y iU-^.1 «JU» J 
ojji-^ «jj-*J» /■-s*^ >* *i ts^jj^' (jij*-^' • I JjSjo J*ST ol-b-j Jl /»J&Jl JJ ikj-Jl 
iljs-j (3 0_2) jSClJl J JbJa»JJ Jl ^jj-jI ^ Ujj villi, jf Cjji' ^JLp Jli.f ( ^>J-I 
>.j o>l &, .JilyJl Jl o^U-Jl -j, oUUl l_jLJ| .ISLJ. (45 _ 2) JiCiJl J j_^Jl 

,(30_2) JS^JI J Tl J j>jdl JJ>JI .PC J 

Juidl 51^U*jc y^.\ .S/IJdl oLjiL <iyJl JiL Jp PC J ^jwtdl >»jJl i3_^ Tl 

. fJLidJ I Jbix^. itjZj jf v_jij (3 1 _ 2)j (30 _ 2) JliCiVl JjlJL>- J ■j.o.^'ll Jakkll 

ADDr :^iLJ-l 4*JLdl 
CjL^ /uJrl» i«Jjdl oJLa ^iu .(30_2) J£iJl Jaki J 15 jLJ\ ^ij 
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JU\) i^^jJLI J *»-~l\ oy±\j (A) ^^Jll Jp (SSS ^UUI >^ll jj>JLI) r J^JI 
jli Jjw (Jl £-*ry ^ *r^ Implicit ijJw» i*JLj oJj» . (oUJjdl ,^1 *■ J>J1I 
jj^wJ.1 ^Vl J*-~" jf ' JU -^ J- 11 <yj ,r J -5 ^-"^ ry*y. {-^s " K *-^ j ^ •*** •**-Lr*' 

«JLA Jli«f 4X-o- .a-*+.I IJU> ><— «^>L1 J oULJI ujji .Destination JUaillj Source 
oJL?- iii J» ^a oJLa . r cJJl&\ y\ Cj%^j 3 Jjb- Jaii iJL*jJl J*j i_~Ual> . O^Loj 8 




►*J>-il J»U 



i] oljLS) 



(45-2) jCill 
D ^ TMP ^lj>t* C) j^ 

0>-l^ .(_$^Vl 5ja^J.I o^>«-JI JJ <"-^./ Mj^' iSj*-^ <Li*-<*" oUJjcJI 
Ji; jJl Pop j Push oLL»* : *j£j> ^j ijXwJI oUJUxll oJl* JU*I j-« J^f 5 Jiw ibif 
UJ (SP) SJUidl ji,y j^jJ- aJ ^j£ ^JL!I cJjJl J £-*?J.lj sj^J.1 J*f On olyJUll 

.A->-yS (30 _ 2) JSCiJI J Jakkll /»|j>*i-»L ADD r i*JUl JLiJ dVl j£*^> 

. ly\\ sJLa J M2 _j Ml t WU oyjji i*JL«dl eJU uJJaxJ 
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jjji, i/IJUl ja idbdl jj**~2 t (Ml) J JjVl diSill c/J/U-l J">U-j jbdLSj 

Jl B J^JI Jill IJU J v-J~i^ . JLia Of JUa*; ^sj JJL4 T4 ilJU J . IR J*— J 



EHI 







.(000 j* B J>*JU ^.jJl Of <±~s-) 

: ALU Jj>ul J>JI o^- Jl O^Uil J&j t MlJ i«ljj| iJU-l J}U 
T4 : (S S S)-»TMP, (A)-ACT 
(B La) ,U«~Jl jJ-^il e.sJbJil oL^xil iijxi" .J?-lj jl j Ojv" J^" ^s^ p-^ 
oly* 4^3 cijJI ^j (46 _ 2 jCiJl >:l) ALU J_^JU Orf Jl J iTMP Jl 
du*i ^j o!A2dl .JLa (46_2) JSLiJl J JU»LtJ .(ACT) cJjLl £_**!! Jl £_*^ll 
oUUl JiU TMP Jl B ,y> JaJl fOic-i . f IkJl; iibfc oly ^ JLi^~J L/V jjljJL 
.(oUUU J*UI II* ^ JiLw.) ^if LUb Ui> ACT Jl JiJl pj>*u- |^ J^IjJI 
£->w J5w fOb" ils-jil oJla j .Jb-lj of J o^Udl d>a^j tci^JI j^" J?-f ^ 

^Vl J_p-Jdl 0^1 pftfc .4»~*w> Sj^ ALU J .i^-Jlj J-JI J^UI ,>• J^ 

JL*LiJ 0^1 LPi .^-JLI jl^V alJUi-l > &i\ o>^ .B J*-Jl ol^ ^ ALU J 

«J^ vlus- iMU T5 dU-l Jl U^Ji: IjJ ,4i?-U. iJU .(30_2) J&Jl Jak£ oil *j* 

.js^i 1 j»_*JL.|_j J.0JCUJ I aJU-I «JLa Of ?1»L~j gj *£~*4-' £>j£>- «^U 

.M2 Will Sjji J»-Ai-. tJjJb>JJ JaiLl .j-i J* O^JI j*^ •***' ^A ty 
Cjr V i5^l) Jj-^ oU^LiT (9) ^JLI ikL-i j^jj tTl J>U *^ idbftN 

. ( *_JL| iSjL ^ M2J T2 aJU-1 j lui j* .(Lb-M 
T2 of M2: (ACT) + (TMP)-A 

J&JI >Jl) . g-^Jll J lj^-1 Ji^sJl 0.£j TMP cbjat Jl ACT oLy* ^ 

.iUSuVl U*aJI .(47-2 

•_,, "5/Jb M2 Will ijjjS T2 dU-l J^U- £_JU J-a4 I^U. OVl v=^ ^ & 
.CPU ^ ^ JI>JI II* Jl ^Ij+I <^k -Ml Will ijjJ T5 SJU-I *L*f -J^^^ 
^ ju vr-iy niU-i) j>» .CPU J ^Ijxll S*-L, ^ v-L-f a*5U!I oli ^iJl _^iO 
^ i«,L.Vl SjSull .CPU olJ^-j .-JLpf f-*^ J J^c-Jj J»HjJI .Us / jU>^-l 

Ju-s-i j«j u^. ct*^ ^ Li " 1 j ^ 1 of ^^ ( 46 - 2 ) J 5 ^^^ 1 ^ : i>- u 

^ .(o^Jl i*>wf) RAM J^-JI gJ;V ^ o^Vl >j .oUUl J»Uj ALU 
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Ml WUI bjJl T3, T2, Tl ^ W«" tf f U i ^ ^ ^ ^ °^ Dt ^ 




(46.2) JSLill 
j^Ij ji" j jy> jaJi ^04 



. RAM J*~. Jl r^JjJI £-"1^)1 J*— Jl ^-jPjJI v^. ■ *J j^ 1 J*^ f J -* xl ~ ; J £-*Li^r" 
j5CJ.I j-J JJJJU . (MOV rl, r2 iJUJl J ^JUi-l ^ JUjOu-I -^ V lill j~L lJu>) 
.Jb-lj di"j (48 _ 2) JSLDI J ilUill jtlllj (47 _ 2) J£jj| J iUMl jkbll JUxu.1 

,1] ioLS JaJL . U IpjJ ojj^flJI Jixj jjJlj J*j 7-j^J 1 ^j»U«l iijA?- .Ap-jj JaJ-l *)-~Jj 

.iJLli .«Status» j «PC Out» :T1 aJU-I cLif MlJ OjiyAk ijj^ Ji^^j t JjljJL| 
.0^1 Ifs-j-ii-. ^1 (8080) SJb-jU iJbJJ (»l JL^-x— VI Jl a-^jj 

oUkdl cJl5 1^ H-12Vj -5V ,+5V iAj&l tfUdJ j*U* 0% 4 808 ^JkJ 

iiU>\ . ba^ SJj'LJl oUjJiil J Oj^l ,>• V-k (<U*jf OjIJ #%*) iitf^l J^ 0U—f i«ujf 
IjJiy .jUJ so* 8080 i-yku J iLjo-il ^jli-l oUUl Lvojf v_Jk; JJUj ,J| 
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t^y *SJ- oljLij L^l^i d$ /t^>«Jl OjljLil oULJl JiU Jp ^iL" l_~J! IJU> . ,*SUdl 
iU^ll Jakfc J (ijwij) «Status» ^Ak^VL IJL* ji,^ .Tl i)U-l »Lif oUUI JiU Jp 
SJL*-^ ^l^- jlf>- <*Jlkj .ii 1 -^! olJUw IJL» Jjj Of .^JaJl (>• .(30_2 J5C^JI) Tl 
«^> . CjlyJL oULJl JiLi ob^st c-jjj ^JUI _ (i.jMl iuLi) 8228 y>j _ 8080 
oljLiJ J*jt dyAAa *&£ JiUj oUL J*»»j (>_^j «i... j^La ; » oUUI JiU 8 228 jl$i-l 
JiJ Ml -^ Tl ilU-l *UJf J~*x-j i£L*U J toUUl JiU jf ii^»- tJ Ui>.VL .^ 
•^ Tl *L'f aIIj^-I c-J^J ^JJI a_**JLI JiUl j-i; ^lai^-l •jSCf V IJU tiji^JI oU^JUu. 
J Oa>. U IJla . £_JU *\j>r\ JJ T2 ilLU j>. jlli^l lijj^l ^ ^JU . M2 

.M2 j» T2 ilU-l »USi £*+! ^ .(30_2 JSLiJI) JaWl 




( 47_2)J£i)l 
pt^dl IJLa oL~>- Jj& of i_*£ . J>-l Jdl JLtJ / jUu.,1 iS\ jVl b-^S ail 

Sjjj i>« T5 iJU-l *LjI *_JU V _^Jl Jij Ua~j Uaiaii L.Jli^.1 Ji Ul (j^j^J . 4>«-^lj 

J^ljdl iu^tf .(5 x 5 00 = 2 5 00 iJU^U) J^a-J ADD LJUj" ijs .Ml iSUl 

^y-f oLKy .'\jji iJUl i*Judl jU^iw.1 ^,lv;.„; t T4 *i\J~\ JLU a^j c^i ^Jl 

SjjJiJil jjp ilU-l J . aJLJI i^JLidl fjuf i ADD i»JLi c/ill*- £-.jf flaiaJ jl~ 

. ^JLI ,1^ aJUI ^JUdl ^ T2 ilU-l i^JUli r 5^xll iJ^j ^a^-j aJUI iUxdl 
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hj> ^ ijf&> iM2 uV viJUi . i^JU; JjV M2 j* *y>£ JakUl Jp T2 _^li; 
t^JUl cJjJl ^ J J>-lJiill II* ^JU£ .iUlJi. M2 &JfeM J .£_«^U oliJl iSUl 
4Jji^ l^JUI j^tJl dj£> g-»j^k J^i l«» . SJUJI i*Jj»H Ml <iS"lil ojjj -ui iiiJL«i 
Vt^u f iJ^a-L 2500ns & ^Jb 4 x 500 = 2000ns ^1 oVU ^jjf iui y, ADD 

.'/ 20_jf 500ns Af.^J\ ^JL . hS^L.)) 

SaLjJ ISic dJJj 0_j£> ^ J^'-b JsMoxJl ^JL»f i>^i_^ (48-2) JSLiJI J 

«_v?- J J_>-lJdl vi>JLat jf L> »....la]l ^ . ^ytsaJl ^JUdJ (ojAlikll) JLcJl ifj^ 
•_,-. 015" IS} U *^>JI oJb-j (H-JjJuD >a ^Uj OjJj JjL-jPljf JiljJl jy i_-£ . oVU-l 
(30_2) jLS^Vl 0lUa£ J 9 ili-^L; ^J,> IJLAjVjf J^lJdl OjJb- j£Jl 

.(31- 2), 

. *ljji> i*JUj" Juid M2 J T3 iJU-l Jaj&^Jj JUaill IJLa j ii^l •>!»>■ i^k^. 

• l£j>-\ ISamj> i»JL<u j^l j£?*Lm 



ADD M ^j^-t i^-^ 
«JIa, . 10000 110^ i^Idl oJi iJLuJl ^.j of -L>«J (30_2) J£JI oUx 

,LjH c/>U-Jl j tU-^k^l t M o/IJUl ^Jy j|^ 



»~* ua *- 




H mi »J 



|*— J.MJ! 



iijj-l il,JI 



Tl I ra I 13 I T4 



l^, i ! : ^ 



(48.2) JSUiJI 
T1-T2 .b'f Jrf-ljdl JUS / jU^Nl 
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.49-2 JS^JI J h^j> r iJ^Ji 

















MPU 




oliL; ii/li 






rpil 


£ 


1 


(HL|: 


1 1 
1 1 
1 1 
1 1 

OuLj 


^^^ 










"-H 


l-J 






I «** 


^ 

















(49-2) JX4JI 
ADD M iJU 

SwL>-_jJlj icJlill 8008 ,ju /«U«~Jl jiyi jj^J 0^j>- JLil .(jyw tc-jjL? iJLuJl oJU> 
tiUyjJl iJ&Si ijJ-L* S/IJu *}& J& ^ 8008 icJLiil jV l^j . 8080 ^f tl^JL" ^1 
%\ Lu S/IJJI oLyat Jl gjiji\ J^-f. ■>• .sySUJI ij>J Lj H c/)U~JI cJL*i-.f 
. i*JUdl oJLA Ji.y, ADD M .Lj> H_j iiUdl oUJjcJI JUS ^ L_> H c/)U~JI 
SJb.-jJL) ilUiS . 8008 JU- ^ \£ L^li iiy* iJ 15 ^! J fc-A* 1 jj* 8080 jf JL^tJl i_-£ 
i^-Lj Hc/>U~Jl JU^L ~_wJ jJl Jj'LyJl Os»~^f .S^L* X>ys- iJ\-> 800 8 

.8008 a_« SJU-I cJlS' 1,5 *£~- c Jj t iJL^l 

cJUjCU-f .2-30 JS^tJl J JaJa^il JUsl-L. iJLjJl oJl* JLiJ x-^xJ jVl Lpj 
oLyas JAJ T4 iJU-l »Ul . i^Ldl jU>«=-V jbdtf »M1 J T3 j T2j Tl o^U-l 
JfCJLlI J ^ ilU-l .ALU J j~Jl\ J^Jdl <_4&1j ACT JjUJl l^U- JJ ^^JLI 

.(50.2) 
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(SO- 2) JSUiJI 

J[ JU d\ <*-*£ jJl oULJJ iJ 1 ^ 1 ^l^-l J?y «>f «>• »/ ,JJI til £>!pl V^ 
,J| L j H oLyit J* (^ dAJJU . L j H J S^^. oULJJ iili-l S JL* Olji* . £-*>J.I 

. M2 *bif I Ju «±jJbi . i/l JJI J) -u^" d~>- £>jJI JiU 

;M2 iSHl SjjJJ Tl jjLJI »b'I 30 _ 2 J£jDl J f^AT M2 iSUl ijjj 
T1 : HL OUT 
.Ml »bSf JiUl JpPC l$J cJj>- ^Jl 4i>il ^^ ijuJl JiU J* L_, H 0>i 
b£lj ioUUI JiU Jp U,f (i*^^l) £J£ Tl «JUL| J>U . 5 1 _ 2 JSLiJl J 0^ IJU 
« -b>-lj : {jd>-j» Jl M2 j-b^ t ijjw^l ,j^^iJ . L> oU^Uil JJJj J^uc-J V t_ij** 
j^iJl ^f TMP Jl JUU i^iyu c^w»f ^l oULJU sa^-ljj iiyjJJ t_~>u*d o/lJLU 

.ALU J -^Vl 

iiUI i^JLdl Jl ^Li*. *iy-'j '^ ALU J ufcJ^ull ^ J* CM £-** 
i_jX5j J__»jcuJ -ja^Ai .i_i>L_-*o (ADD) m^l jf t^ J;L— Jl_Sj .(ADD r) 
^V" JLidl j^}i lM2 J T4 aJU-I *Lif «_JL-I JL& -^ Vju J^l Jtdl JL& / jLa>^,^\ 
£ 4>mzJI bj£j TMP Jl ACT oL^at vJUiy |^>-f £_JL-I j^j . M3 J T2 *JU-I ^ 

.A A_*>J.I 

T2 : (ACT) + (TMP)-A. 
5^5"1JL)I &j~*i IjUuJ ^1 i»JUj OVl ^jJLu- 4j>o>£ oUJU; aj^AS LlAvsj Of A*j 

,Zj W ojjJilil ji- O^mluJI J,«.«X..." .ijJI t5^1L« 
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LDA addr : S^JiL. SjSlJUf il^uJ kJUJl 
2 oUU-L jj jjJtl ^bJl o/IJUl olyit -j* £*>«ii i^d ^ LJUJl ja jjjfc 
U**JI yj> . (30_2) JS^JI JakUL 8 JaiU Jp LDA addr i^JLdl ^ . i^JUxJl -^ 3j 
■^ iJLdl jU^V M1J T3j T2j Tl o^U-l fJ&o-J abdlSj . 001 I1010y*j, 
.X^ ^1 II* .(30.2) JS^JI J M1J T4 i!U-l J jubr- j,j j^l ^ .S/IJUI 
J")U . l^»_, -jS^ iJj* h^ jjj j* •j&j J*xuJ T4 aJU-I Of ^ X y,J\ I JLaj 
Cjc^-\ jJi>£~z of !_<£ l,if ( ^&>«dl 5Jb-j uiirfj ^ .iiJb- i^ujbd! JJbS T4 ilU-l 

f.^ i^JJUf N lL~>-j . £*>«ll <U» Uaj ^AJl 0I>jJI J^ JjvJ-1 J>-f ^ i»Jjdl oiA OjlJLJl 

i*~Li)l JJUJ <ijjjj> o_,5J T4 <JU-( Of Ji^ . ia-asLl OuJ X J-xu-i T4 J^U ^y. 




(51-2) jSLiJl 
Jyull Jili J| HL oL>* J* 

,(54_2)j(53_2) JI5LiVl j a~? l*/> (52_2) J£jJ| J 5^, oLUl 
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(52-2) jSLiJl 
AJS &•& LDA addr JUJUj 





unj 


(MX) 
100: 
101: 
103: 


5/li 


UM 

I 1003 
] (HtX) 






K 




11 1 1010 1 1 


ooinoio 




PC ^^^^^» 


00000010 




OOOOOOOl 000 00000 1 


00010000 















(53_2) JSLill 
LDA JU; JJ 




[OOOOOOOl j 00O0O0I l| 



iJVi 



100: 
101: 
103: 



1002: 



(54.2) J£JJI 
LDA 



£j y oLynt jUt>u-V T2 j Tl oUjVl OUU-I ^oic-J jbdlS'j : M2 fcSUl Sjja 

T2 «lfJl oij -^ JJLi Jju .T2 J^U. £-*UjJI J>~ iPC jIjj PC_. S^ljil J/IJUl 
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JiU Jp ijyA £-~a;j (i*JUiU iJlill ilUU B2) PC S/IJUl b\j* ■>. o^^u.1 
J£jJl J u^« IJu .Z:B2-»Z j Zj-je- ^ .ci> J>~- J \+y>- oVl c_^ .oUUl 

.(55.2) 




(55-2) JSC4I 

z Ji 2 auu v*Ji; 



B3 fiJfcll «JUU f>" Ij^-tj aljy *yiJl J^ J* pc i>j* '^ V :M3*flL1»jj» 
oJL* J .(56-2) J&JI J uif* IJL* . t5_^aJl gJULl J W J*. — II J Ojiij J/lill ,y 
iS\ B3j B2 ^>*JI gJUil J^b Zj W c/jU^Jl ^ ( M3 *JU- ,lfSly iU-J.1 
J <*JUdl OU: CtfUl ui~J-£Jl J s a^lji. Jws^Vl J cJlS jJl JU»j 1 6 ^ ■3JL-LSCS1 ijyjJl 
i!ji«Jl Ijl» Ju-jj Of (-j^ . oVl -^ Of jj5Cx JLidl Of gjf jlyp Oljyi Zj W J .oyflJUl 
. iJUl i£\ JJl Sjji J I Ji* vUJUi . oUUl ^^U^-l J*-f ■j- i/l JJl Ji 

oli £>* J-y .fijuJl JiU JI Zj W ^ oJJl li» J :M4<tflil ijji 
^Jj£ ojJbJil oL^i^^U iLUll oUUi ^£ iT2 ilf Jj o/liJl JI iUj 16 
.iJUxll «i* JLtt Lrf tf jjJI T3 ilU-l Ur j A j oUUl u>i l^f .S^ iS/liJl 

v>- Jp-f (V oUU- 3 i*JUdl oJL* i-ik:" . iiiib-Mi) i*Jbu JLx^l 7<-*0y. '-^* 
£-b^ L,iV JjSli oIjjj «_jjf LaJ i_Jk5 ^j .u^Uw explicit address «jUi* Olji*>i 
ioU 3 JI i^Lu -^ oUUi 3 JI ^tjUuJ Jsr-t j* ol r *M*J s/laJl JJ ^a-L* jf 
<LJ* i*JUj «Ju» .Ol>*JL SiJb.ll oUUl jU»*l,I J*-f j>. S/IJULl JL^I ^Jj iJb'lj 
J <~ijyu> tjl£« J *_£> SiO^ ol^i»«x a-*>J.I ^j*^ V*^*' !J> "J ^*V <jt* '-^ £*J 
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: jLj oVl L« ,Zj W o!>^«— *Ijl>«x*-I v^JLLj i«-i>dl o-La of a]^'^K» j£s . S^IJUI 
.j*Ja*- l^lj^at (1>1* iL_j H cj!)Ul-> !&* h£j»-i o^U^. ioJU^' 





MPU 




SjSli 






^^H5^^^^^^^^5 




IDA 


w t?T ^ r 




PC 


L_ 


r 1 




1 


ir> 



















(56,2) JSCiJl 

W Jl 3 «UU ^i; 



of ^sU^Jl J Iffb ^J^i .IfsLy^ Lj H Jlii; jf -J&: JUJUxil »Ia "UiJ JLnj 

01 i_*£ «_<w>«ll L«j ^gJI i*JL*X)l . 4»&v?lj 0JJ-vaJ 4J U . «" .<J J J>w (_$[ ^^jo J i*JL*Jl 

lij ?ZjW -j. Voj PC JLxu-I -^ J* :yb >U-I J* ij4 ^JJI ^Vl JI>JI 
ii-»- tjUcll o_j£j il)f ,j£r iiUj .V jL^tJljj* Jlj-Jl IJU «-»ljJL| ^_/l-J JJUJj iK_/xi 
. U -Led iJUl i*JUJl o^J of £-Jis~J V viUJLij t PC oLyat JUi* of ^& 
Jump j—iilljf t_**JS>dl i_*JL>Jj_»j oL«.;.UJI -^ ^^-1 fjj oVl ,^-jJLu* 
L^jjil . p-ali^Jb oUJuJl IfJ lis jdl v*lr" -C~ W^' 'J 1 * • instruction 
y> jii» ol {-frJ-\ <J}£ ji\ CjLJju J>-y liAli «_y . a-jWIj JUo oUJjdl of UjL. 
.ojS'IJJI -^ t£/>-f izlai. Jl jiiJ tLL* t jf g-*LJ^I ti i£>>-f Jl i«jbu aaJLu ■ 

JMP addr : jtfll 4ajJ*S 
j* 1 8 Jai-I Jp jJLJ ^j . JLidU iJUl ^ addr ojyjJl <*A*j J*J- i*JUdl «Ju» 

.(31.2) JSJJI JJwt 



107 



J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



iLyi jb^Vl JbJ£!l . 11 0000 11 ^jJ-j U*«JI j*, ^ J_,Vl USi\ .oUK 3 

J>w oLj^ J^W _•* L^ i*Jl*xJl eJLA jyb . Up«j jiill ^^ jj| £jJ>JJ ilv>J 1 6 

.(x) ^1 ifcU- if J*«J Mj T4 4JU-I 

<jk— J' J b'je-s B2 ^a.>.-».>7 .B3j B2 oUU-l jU»w^ uLJL" dkjj* Ju^c-J 
La>.j lij .M3 tbU- W J^lJJl J^JI j bjJ-j B3 -r jL»^-J .M2 J}U Z J^-lJllI 
iAf. J JLidl c-^f Ji i*JLdl O^j jJLj . li^-U. li~J ^jj (3 1 _ 2) J£iJ| J iiki«il JJ 
^ tJWaiJil ,y ^j^JI 44JL-I J*j SJU^Vl J>-b J .SvJ-l ^ oJLa -jSJ ,M3 J T3 









► <<) 




MTU 


DO 


01 
02 
oa 


04 


OS 


04 


or 


8 a...... 11 a 


-VI 







(57.2) JSLill 
6U-! 8 oliUI JiU 



.Ujj&J Lpj .ytJl S*JLdJ T2 j T1J iiUvVl oljLi-l ^ ^Jb OUbll 

: U* JjLJLJl jU>iU| 
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WZ OUT and (WZ) + 1-*PC 

iJLdl jL^U J!5U PC oly^t y VJb WZ cA>j& J~*i~; tc $>-f ijl^j 

oi>>Ji •>• «JUi i*JbJi ^^s-i-j ttjjy-f sjU*ij .Zj w j jj^ii oi>uJi jt-va-. 

i^>w» Sjj*d< iJUl i-JUJI j^i»^-u- vi~>o g-»^l J*— J 0}2> (1)-; W: 

. 4pxO*V> i>»i^Jl ?r.. r S3~ dJJJUj . PC JLuCjL AjjL^^I 4JJj]lJlj_ 



MPU 


AO 
Al 
AZ 






Al 


iijiull 


AJ [ 






HF^ 


AH 1 







(14) 



(58_2) JSLUI 

. Z j W <2p-!}UI o}U-Ji cJUjc-I lill) spL. PC oLyyt Lu ^ I ill c-^c; L, • 

. PC JLxu-l ^A\ ^ -^ jl .uV dUi ,£*. 

PC v >w-i t B2 £_« Z ^ SfJU (PCL) PC & Ji-Vl p-ill UU l* lii 
"V Jj Z Jaii JLjcl*I •j^J.I 'jj cJl5" villi j«— *j . B3 jUaani^il Jjs^^JLI ^y> vilJJb 9t.*o.\j 
J l^jiJ, B3 ^Jt>w-J (H? B2 _, Z Lu Of JJU-I <>• . tkjf OjSL- li* jSdj ZjW^ 
J[ Z Ji3 ^jjj-iJl ja djSi Of J*s>Jll ^ villi ^y .(PCH)PC J «jj- J*Vl . jyi'.ll 
aLJJ .Zj W ^j»w-j iivj>^ aJLJI fiu. jf IJLL •_•£* ,PC oLyyt ^ ai^-l JJ PCL 
£>jJI JiU JJ S^JL. **ry a&j PC Jl Z j W Jfcj N tcJ^Jl jjiji J^f ,yj dUi Jl 
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J^b J oLJxJl jjj iAJ& ^ii ^ SklJl «JLa ^ jjio . iJUl iJLdl jLb^V 

Jl ^>JLI jjjj;) RAL i^ l^ ^J.1 oLJbdl .8080 S^_Jl ^ y J* oUUl 
' ( r J^^ 1 ^kf 1 *-? Cr*^' "^k^ <^) CMP r ' «Rotate Accumulat Left» (jLJl 
iub. OVl J*JI ,y c(30_2) JSLUl Jakfe J* jfSis j}\ POP jf PUSH oUUy 

8080 »ja -5JI iwljj j-^'A.* 

JlSLiVl oUakfc fJlic-j Of tfjUl ^jliLJ jSCr .8080 SJbvJl ^f STANDARD 
.jywJI pJUil J iJUi ioJUj i>t JLiJ oyhl (31 _2) j (30_2) 

INTERNAL MICROPROCESSOR tfji^JI gJbulJ JUla.1 jJ! oUSjfll 

ARCHITECTURES 

jdl J^-lj>J-l ,_yi_^CUj Leo t l ^La1I j^jJuoJl pJU*U 4JW.1II iJ5LAI Li*9_j of JL*j 

: ,y>_) i£yud\ pJUJU iJISLAI 

■»■«..,<** Jp U>jjA\ ij-iJl Jp-f Of -U>«j Of '■ ( y r \A\ y Oj& Uj •_,**. 40 Ji j>-l>- 
dlii Jjju .iojUaal i—iL-f ,^p j»-U-l li> p-~! .,j*- 42_40 jp-U- ^ LSI olij5L« 
42_40 j^ Jtft; olil*. JJilN 4«ij>-jll V 1 ^ 1 oUfl^UJl •>. j-v^Jl 0^ JJ UU 
JfrJl ^y ^-J -_^Jj Sjiyu 0j>& (64 "^) 0L-\ll -^ b*U Jtff dlLc ^1 ojIjj&I . j-. 

,_j>-U-| IJlft ^ut /j^vUJUo . ijpL^o ol«±»-U; l^a^ri 

(Cr* 1 6 Jib 8 ^U I J»U i_Jkj . oUUL! Jib ^^aJl wJUl _>*£ Of t-*£ • 

.(57_2) JClJl >il i|>sJl ^Ul v.^.- 

Jj»£ br (58_2)JS^LJI jJiJl iU*>j 16 Jl jj iJ^oJi JiU v 1 -^! 0- - 16 ^J V^i • 

.24^*>«ll 
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(59-2) JSLtJl 




(60_2) JSCJJI 
jcu« <_.lhTj 40LJI 



(S9_2) Ji^iJl ^1 i^O**" *WJI J^ J*Vl J* j- 2 ( sy^\ gJUll *JU«& • 

.26 fj^jJil J*£ L«r 

ijjL ioL, CRYSTAL CLOCK cS*~*j!t 4 SjIpj ^ 2 JiVl J* dUiS" ^JJai • 
Otu-Vl «JL* Jl iiLij pj-jf <y <uU Lisa?- Uj dDJL) .(60_2) JSvJLlI ^1 *~rj\>- 

.(30 SjUj) Jif -b^ j* 2 8 LjJj 

*5^dl JiU *»-U- fe-r-aJ . *~waJl pliV j^. 12 Jl 10 Jaii iijj iL>-J,\ t jj» j 
JiU l^ba'^JI y SLwcuJJ i^Jl oljLiVI .(61-2) J£*J| JiJl OL-Vl «JU i-Li 
JiU J jjJasLl JLO-JI vr- ^ ^^ «!>*- J 5 ^ u 5 ^ • ( 25 - 2 ) J&JI J j#Jil r 5 ^ 1 



111 



J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



J U\&j \+jSy -j£c V iUy 1 6 _. SjywaJl oU-Ull jf UUp ^ JJUi . *£?JU Ja>. 

fL>X JUa^l 4^N -^,40 ^JJUtc ^J.1 iUj 1 6 Jl _,i ^wJl ^JUI 
.oIj^j g-jJj jf t^jt &yjj| JiUjf oULJl JiU Ufi .aJU»j 1 6 _j oJiUj-P ,yr-jliU 

(Z/tJ) J*^. ^W a* J*-^ 1 r** 11 ^W J* 15 ^-V {r jJL * Jl -^ °^" ^ 
gJUll Jl UJ- of ^ (iUj 1 6 U>) i*JUdl jf jfj II* . JpVI p-OJl *Vi (J ^jf 

^j-Li ^lOieU-L tko iU*>j 1 6 Jl ji i|ywaJl £-JUll IJla. Ji* . Oi^Jl^ Ui^U-~ eJ/wJl 

liA . *s^\j Ijy^u o!5A^j 8 Jl oli SJL>-jJl ,y f^f j_^j M jf -_/x£) JjLJI olyi 

iSy^" g-Il«" n - . »< -/** J tu iJ a O U j^-rl' • £-^ -Jt* ^J^i ^ M^* p-r^' '•** <->l* «— r**" 
Texas instruments LSj-i liJUi el** JUJ . jtff jU—f Jjiu-ol j_^ *L»_> 1 6 _ji 
U-lj iji Ji%- 'Si jf (jSUil ^j 64 UjJli fcbJ 9900 i_Jkl /u^* .9900 TMS_, 
OljJ £jJU JJa£ vilLli -^ \J0 \jLjCL~j jf li^. 48 jj_^l j^>«ldl J-wC-j . ^,., Jl IJLL 
,^-Jj teds-lj Ailij Jp- j^~«— l£/W ff-N** lil f-fj* ^V ^* •^-S'tJl 1— ^ . J&co 

^-J oA»-lj iilij J* ^Jll _ ,jyu^i\ ■-jj-.U-l . XJb-lj iiUj Jp ^a i£j*^> y^l*- 
. jtJ>- "*y* JiU *k-\>- Jery V . ti\s Jl J>-b J *_£ 5^1 JJI jf d~>- jL-Vl bJtf 
t iilij Jp ^1 _ iUuj 1 6 i«— i £j>*ai\ <_jj— U-li <JIIJl! . JiLJJ JL»| j- 1 6 y>jj 
•j— 40 _; ^^j jf /_/jC^j oLjLJI JiU («_-_yf jf) aL^»_j 16j*P r-J^ JUalVl Jp jili 
48 ijJu^aJl oU-Ull *_j^ J^jcl»J . J*- 40 Jl yAo- tj^ ^ J ; -5i>«.l.l J a-S^j . Jifjf 
. iupLLs<aJl oLsflfl-UJl ,y j^S jJlp «_>^-Vl aj!>1 liJLJJU S^oj .J5"f jf ^ 86 ,^-jf 64jf 

:iili^l 4>-Lu> 

•_■££ ^11 iili^JI o-LI ^Vl JX\ jj» ^i* j?-L>- -yi t_~J.I ^L-Vl jLJl J*j-iJl 
iJLp j^i tlfcJl Jj-^» Jl l ^J.I ^--»->Jl iiliS' SjijJsJ. I Jaj . cJj l^I J l^..5"y L^Uaal 
i*^ (JLa . jlS^Nl jJii iJU j_jSi jf ^ iwJUJl i^-Lv. J IfeS^j" <--?r (i^ 1 i-ilUi Jl 
(Jp A^J> £j\*yjt-j SjAa JiU i~~Sj v^->' J*j-~" 1"^* <->' LijU -^ • *?«-vaJI J ( ^-L'f 
. otA*L«Jl (5j^J ijU-l jJI RAM viDJiSj liji^o ifij-j *5^i ol^b-j JLjc«.Ij ol«-»jf 
. i«JUJl (rs^>- (J| ^"-J* ^jj^^iJ ^&i' ALU -> «j>«J.I cjLJUjoI J-a«j ijj«j 

JiJ-l Jl Cj^oj 8 A*«j ijA-^JI oUL-Ull <)U J ALU JUi«; >JJUJl5 j^juj 

. <JL*JI j* J J^jcuJI 1 8 Jl o}U> Jl _,i 
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jj £_wx> J-kUl J *i\ij\ ol>U c-jt-y IplSj .iAki i.JU; 80 Jl 60 j* J6\ *X& 
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(61.2) JSLiJl 



ijid i*^ ^f oJlS" olj^. ^ Jju .oJlS" 1^ U*J| ^ ^^J| j_j f 

.CMOS j NMOS ap^- J ol^i ^fcj j^dl IJU >U- 
The Four Main Architectures £^, ^ jV) ^.i,^ ,, 

JSLiJl J i^J,^ ^j iU^ll _ «^S AJ5> -j^rf US^JU ^Vl .0* .iy^Jl 

•(62-2) 

iilij J (C^dl iywJ! ii-Ull iJ^-jj i^LaJl ^jj^Jl -JUil U5L* jbi 
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i^» *ilr J^-j .*s\ij\ -jp irjL>- C)j& JLibilj S^S"! JLS1 . i.>U*Vl CPU i-iJLUj tSJb-lj 
yUj J^b CPU cJSlbj £-*• jl-Ul Sjili lilJfeLl J ;MPU olJU-j j& pJ 1976 
SJb JbLl -^UaJl *--*■ j**a3 pJl . l^j jiij vrjl>- i*L- i»U^l oJUaj JiVl J*i . SjjA» 

i^sy ^ikuii & c&{ •jiA ji r 5 ^ ^ 'f^** 11 J*y - MPU ^ J 911 - 5 J * pLu 

Of ii>-M . IU- ULw»j jJl Jiljj Sfttt iyry, ^.Lall ^jJwaJl gJUil iJLC* jUf 
J_SU uj_J ^ ,yy .XJ>JJI JjIjPj oUUI Jui Oio (62_2) J&JI J oU^ijJl 



tji- t!_.Ui)li f£>ci\ JiU <J£j 
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(62.2) J£JJI 
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aiijj (RAM) *J\jJi*}\ ^>JjJl IJVij (ROM) iu* \j\ S/li (62 _ 2) J5^=Jl Jpf 
.(Peripherals) oLk^*.!! JUL. £-4 iiojtjA .(i-jljil ailil) (PIO) j i^i^Jl i-iJjJl 

One-Chip Microcomputer S-b-lj SStfy ^yu^xll t-j^U-l 
iilij Afi iaJidl oliyC* a-s^" V^ri VLSI /«-~*^ jj— ^ f ■ •—j 4_^U-I cJjJl _| 
alij Jp RAM j ROM j ipL-j MPU i^jJ ■jSUil -y> OlS" 1976 *_« JL. .iiyi. 
JjU cJ> Ji* ij^i JJl— J i5j>^ $ oUUjJl oJLa J_*V -jSCc tviUi Jl «Ui| .fc^i. 
.utfjl jf- i>jU SjjJJl cJlj V . ,_^ij — JJli Jj^-jf «i~*Jl «Jb SjU-{ S/bj ifjJU 

oVU_I}U Jsljj' il^W iJiVl Jp cSJb-lj iSlij <>• t-«J>» (5>-^ i-»j*"l?- /»JLSj .6^1 
. S_^>-Vl JiLo *_* IjJbL* -UjJaiU * JLa J-v_)J _£$ . ailu c>t5L<»j 8 _j i*>-jU-| 

il)Vl jiji . Sas-lj yiij; (J j*** •Jj— •— - J* — sli»JJ ytyu J_>- 2 4 JiVl Jj& -krjj 
.JJLuJU J**s-i jJI 8 + 16 = iUj 24 _, j,Ul £>>Jl JiUj jAJl oCUl JiU 
26 J JS jy \^e- g-Zi j\\ *SU_Jl -jIjUJ ,jioJ *^-U- iiL* c — J niili Jl i*L»l 
. JJU>-lj aSLSj Jp i£j*+i0 w_Jj~*U- oljjjf &*»* (X-jl^l J-vaill J .JLii* J_>- 27jl 

Bit-Slices _/)L*jJl j^Jl^i 
oULl** ^JUl* UIp ^ -kj*"° *^4-l*f -j^j>!I ^j'^i l y^Ji s i of »_-£ 
t-iiiai o^L^I ?«-jl_r^ -f /"-* (p-ll* 1 "J_^y LSIjf MSI olJb-j *a>__J Lji^l *jjw> 

_jU-U*jf OtjL^JI 7«-jlj-i olJb-j ^y*-, J jf Uj** _>_1 <0J .i^ivaJI C^U-Uil jj* 

iiUl ^ . IfV* ^-« ALU ^_-*j>-J J-JLi" fail xl~?- {j* cj^^JI £j\j£ . iUU 
ojLjJ Uku i— »l ^jf A*U^i jj51f , ,^-jLJ-I *IjVI jjuwa^iJ Jj^>fcJJ LiL» _ x_Lk> »a>-j 
iJUtfJl i<s -1 i_j»*»iU>- <»la>^u*il j ^yLiJ-l aJUxll . a «.... «I Ij i_j^saJI oLJL»p i^j** (jw^ 

.JiLJI *JiJj cjljiill gyXy Jfc-jj-tJI vk^j JUilj <aU-l ila* Ji- U iuUl 

^SU.xJI «a>-_j ^lai^i^l v-JJai; . olilJw 6 J] 4 _j o!>U*Jl ^j ALU *-*+£ ,^5 
Uij-Jl CPU Jj- ^ o^^JI ^Jl^ ola^j J_^- U .<_iUw 50 Jl 20 -^ iUWl 

JLjij j$lc . t_J3.tf.ll ioUJ ^ i_Jj£i jjJl —J^L^iiJI s^-tlj—i a_J^ ,*^Jb fj**\ ^ oJLftj 

.otJls^jJl ,y> J*9 ja^ ^V ns 200 JJ 100 j v>-ij-Jl 4*JLJI 
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Jil J^l all ^Jyi\ . £_U Jp i^. a^*j Aji. JiU ^UJI ^ywJl gJUJJ 

CjIjJ.1 oi* ._p~JJ J»*~«j oX^y Jilj^J O^Uwj oUjj ALU jAvali ^UkJl IJL* 
JiljJl UJij JUiSj oUJLdl JLiJ *j[ J~A^ C-isOj vUJJkS' .JviAJl lift J O/Lvoj 

ti>-^]| gJUJLI oULdl ja ^j Uc^> JS3 J*iJl «_,Ld! ^y; JJU JS" . o!>U~Jlj 

. SjJ*>- SjkLl «-j>JL.t; ^JuLdl 8080 

oUjSUl ^ywdlgJUl l|Ja»i-i^j| ^liLi jiiyJi J^,^ ^JUi J*«JI J 

• t^*^-' J-^ill J J^Sc-' ^1 i^jJidl f-~»^j ^^fc^-l-y ij^-ij^Jl 



. *i\ij Jp RAM i-j-S'jsJ *il*_^l j ti,ft- J-*ai lill. f-j-il 
. (5yw»Jl £-Jl*l>l itjlau-o J <L>o^Jl Aj^iJl JilyJI i-ije- 



IijjUu ALU J Jy-Jd! jL- Jl £_»>J.I J*- Ja .(2-2) J£i!l 

^Rotate jjjjdl U**j Shift i?-lj^l "jo J^jJl L. 
?ALU Jl jjUil L>^ji\ J>— jf oU Jl J*b Flags oil Jl iiJij ^ U 

?Stack "oXJCa ^\M^Ji jt-\ JjJb d>-ji J* ?i_j,ik. J>w, SOjdLl jJ.y J* 

flndex Register JJjJI J>~- _>* U 
. UJLij S^IJLJI j^ i<JUj itl^iJ ijjXloil ol J^Vl A_ib" ^>il 



1-2 
2_2 
3_2 
4_2 

5_2 

6_2 
7_2 
8_2 

9_2 
10_2 
11 _2 
12_2 
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^ ^1 i<Jjdl Jp p£*A\ 5Jb-j l j^J- iJlS ^(^Jl ;jb-j iLt, ^ U : 1 3 _ 2 

^IRykL. : 14 _ 2 

JS^ 1 J US- Ic* 8080 **J*& J*" 1 * J*k JZj J*— J* ^J ^ •' 15 _ 2 

.(27-2) 

.8080 o^kui! 4jUIjJI aIs-jIIj i^Ul ijj* ju J^ill f-j-SI : 1 6 _ 2 

y L, ?aJU-I lj* J> y> y 2MHZ jj/j 8080 i.^kll LjJ *jf ^jJcS : 1 7 _ 2 

^fctll j*jJI>» lei (31 -2)j (30- 2) Jl£JiVl J iUl ollakUl JL^L : 18_2 

:aJUI oULdU J,lall 

.C J^JI J] E J^JI oLy* JSJI ( f ) 

.L Jl H oL^5t Jai ( V ) 

.5 s^Sl JJI «Jj^ oL^kjc .*-*>J.I "^^ (>■) 

. Js-lj £-v>>X jLJl Jj £_*>Jil oLy* jji ( j ) 

o!>U-Jl Jl iLUll jj^jJlj v_jJ>Jil J iu*. 8080 oLJUj" v-i^, : «^Jjr 

.(32_2) JS^Jl J fcjj, iilriJLl 

Jj*^ a* J* <> ™ p J ACT., -ji^jll oJjUJl Os^Jl iLtj ^ U : 1 9 _ 2 

?(27_2) JS^JI J Ou- |^ 8080 J ALU 
J&JI J 8080 J RAM J^Jl c^ iJj jUUIj 5*LjJl iUij ^ U : 20 _ 2 

?(27_2) 
iU*J (£_.^JJ) yllill IxxJl ,yj y. l,j 2MHZ jj^j 8080ij>.j ^jJci ; 21 _2 

: «/ J* ?ADD r 

. iJUj^SL. 7.5 ( f ) 

■ "^lyyV 5 . (w-j) 

. iJlij_/>^. 4.5 ( ?- ) 

. iotfjjSL* 4 ( j j 
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?£>l jUl a&J^ J4 (63_2) JS^JI J^ai JstloJl ^Jidl jf J* ; 22_2 

J^ill ^bJl ^1 4 (63_2) JSJUI j ^Jll J>.|jJ| ^Jidl JLxl-L : 23 _2 
•>»j J^ l-i* ^_ J* . IR = RO + RJ i.Jjdl JLcJ i^iUl oUUjOJ 
?(22_2) J£jJl J oull ^-VJI f-ksil ilU -^ J>f JUfc 

Push.. tiLdl oLLJl ^b" ^1 t(31_2) JS^JI J JaWl JL^L 

.rp 

.LHLD addr j iaLodl oLU«Jl ^b ^Jil t (30_2) MtiJl JU^l, 

<iAJ US' . ^jivall ^JUJU aj&j — II ^AkJi ■j*- 40 Jl _£-U- .504 cj15 ^il 

?b^ iils^ tSyua k.j^U- Jp tUj^P t iiLJJ Ja>- 24 JiVl Jp ^jji, lill 

?MPU iilij £ji Jp oMj^l ■y. ^v5 j jip |>lai«x^l ^_jLv. ^ U : 28 _ 2 
8 i«^o { s J J^ai\ £-Jl*l1 ills- J U^ ^Ui oUJLdl jUp OjSo lili : 29 _ 2 

?jJbt £jy olyat fji" chilli ^ MPU Jl J>-b J <±u*i liL. : 30 _ 2 
Sj^IJJI (i Jl^iwJ jf JLill -^ J^i ijtt jA; 250 j^^^u-J *}\J-\ Of ,_^l>il Jp : 3 7 2 




24_2 

25_2 
26_2 

27_2 



(63-2) J&iJI 
J,Jj J*l» fJtt 
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4*^41 <ab£fe 



J-tfiJl li* J ( yi j y W . - . M^. (^ywJl g-JL*il J** iijt li^l JjLJI L*A)| J 

. j*u <^>w> v.*- 1 '- V^ ^ ^j^Ji ^i>b Ji*»l Jl 5/1 j <>« <a»uyi jftyi 

vJUVl ui*u- . iJliiJlj itfUlj RAM Jl ROM j, ol/IJUl £ljjf ^iLat ,0*^, 
J*-J ^Jl iibll olilij vHJJS- t DMA j Jutiaij ^Ak-^l i^VIj Jl»^U fi^sJl 

J ifjlj-il- J5JJ PIO ^f tJiluiJ osv-L-^l usa'^l ^^» 'u^Vl Jp, 
^lUl g^yi ^ (PIC) *J,UU U^if Ja;U ^jx-. JUi J0u . Jl^dl JjHJ UART 

. oLk^lL j^>dl jjtf^ DMAC 8/1 JW 

The Microprocessor Families ^>«-aJ! ^JUUI om 

^Jl VLSI j LSI oU/U ^ iik£ ^Ijjf cJUal . o%'U pJl i^Jl ol^UUJ 
VJ -L>. **jk* ^^ji Jp-f ^ Sj j^l| i.^1 oULULI JiljJ ^ SyiL, j^sJ c^^, 

UARTS j (RAM j ROM) ol/lJJl cJlfT ijil^l iywdl oLLUl cJA»f L^>. 
^jji^il t-JJaXy c^ Ojjidl (j-j^tj ,^waj' J**- liili .LSIJ Sy^dl oJ~-jJl jlljjjl 
Ijstf SJi« yV S^" (8 08 0) Sa^j Jp ^u» OjJiL. Jjf cJlS 4 &* . oU/3.1 
.8 080 oUUI JiU ^-jJUl ^jULl Demultiplexing oljUJl £_j> Jo J^>JJ 

jjV- . l-b- -k~u yif Jj ^>,J| gJUl pels oUjX. JUd[ jj^t v_~- O^o 

.1^ jjiSJl t_Jk~, J^JI jf Oi*w*U ^ JJL5 JU3»I <.lj* dji i/sJI oU-Ull o^Ji 
oU/ll Support lr p|jai ^ i^r <L'U ^ikj ^y^Jl ^JUil of gjs, J5 j^u pJI 
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The Three Basic System Components 

t a/IJLJl t ALU tr 5Ui!l :^ili w- vj- 1 ^ ^^ J^ ^ ^' tH 1 <i ^ 
»_~o- ^ii^; b\ j& jJl LSU i^»l»- oUj&c -_iJU^I aJL* ^ .jtjU-Ij J>-IJI 

: ^ Aj">\iJl i^L-Vl i*jkJJ cj\^jSi> . li^>ji\ 

.ijjll^ ioUl Ji-. oU^UJU ^llw jU[ ,»*b ^Tj (MPU) ^>^JI gJUll _ 1 

oULJJ) RAM j (Coll jj-UjJ) ROM -^ ^S" Uj*p ^y-^3 ^l s/IJJl _ 2 

^IjJ^ JJii~, ^y) Uart l/> iiLJJ Ol-v- 1 -^ 1 ObilijJl *J»tJLl .JJjJ JIU, _ 3 

(Sjijk-VL (^ai) fdc jit.1 tjsf *^xs*^ ^ ij^t-f oiJjdJ jsu^i a* 

.(iiUJli (^cli) CRTCjf 

J**i~j .cA^Ij ^M 1 iP »-^L~* jSM i* 1 * ^ -^y '^ Jl ^l 

. JiiUl !j«st-r uiJyJ U-iji J*«iw- ^ .oUjLw jJL?ijf JiiL i^U-l x* oLill 

^ Drivers olfj-jll .PIO Jli.f gjUJilj J*=-lall uiJjl BlijJ «JWd ^ ly*» oLill 

eJb-j y. ^yuJl gJUll OV l>J . MOS JJl^ A^jl iojJ* ._~~J CUi, ijjj-^ L.J** 
^ jJUj ^J* .y jtff J*J irU-l j*^" Ira?- .TTL J* - £*£ *& t^* V** M ° S 

jlyOJI ^JUil j^u .(1-3) JSLiJI j iv t?>^Ji e- 11 ** 11 iUl5;jl ^J^ 1 
JilUl jX^a iAr-j Jir . vr-jLA JpL. ^JUJI Jj ^ v 1 ^. y^ -jW 1 Ji (MPU) 
. l^US^ iykll Jl o'L^Jl aSUJI (JS^JI ^. jij-sJl J*-JI iyljJl J M 1 ) yk^' 
■_^J t (+5V ^i*) Jb-lj ,^'Lj^ o^»- 15>^* Jaas liiJ>- i*wJ.I iyuJl oUrUil *_~lks 

0l .A-T .( + 12V J -5V J +5V ^1.) »i!lyS— «%* ^ Jl v 11 ^" ^ f ol/IJU 0^ 
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\aAjJ>j\ JLiULI oIjl>-j £-a iij^>J.\ PIO j Uart -y. JS\J SJl>-j oJUJl J JiULI 
i«Jpli« JajLrf? JjuCL»j d)l r&JZj iJP-Ui* 4*A>liu CjIj^jF Sj^p- j/I ,jt<aj<j jj p-liii-J . Suj>-VI 

t-jJj ^li^ JliJ i^l^ ^l>V <j>-f olJj5l« v_JLkf of j& LiUiS' .(PIC) 4jjJjVI 
JiljJI £_. iJj-^a ola^Jl oJU £-j**j - 3 ) J 5 ^ 1 J Ic* • (DMAC) ^Ul s/IJJl 




% 



, ,, rrnr 



> 



™ I El 



<fjj) 

HE 



(f'j) 



JL 



JlsJI 



tfjljdl 



CM 



*«1>UII 



mi 






(1-3) JCSlI 



The Memory SjSl jJI 

. ROM j RAM ^ aj^^^aJI oUU*il iJijf J ^^cJLucl^JLI -jc^^I .ju^lAJl 

od_^)l . l^b^ S^-ly j\ h\£ j£s . iUSCllj it\jj}\ S/li ^f RAM yb JjVl fjJl 
S^U-I <JU-I J RAM J v~JjJ! 4V-JI . oL^ixil ^ ^1 l^f <^l ioJ^. jrv* RAM -j* 
«Lkll ^ji^ lc~>- (fb) "^jIj^^ JL*iJ i^l . Volatile Jyiiw-j jjp e/ali L^f ,_y«> L>-jJ_^5oJLl 
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oUUl dj£- RAM /.JLs^U«J . l$JL* SaUwl i»jJaJll /j£»3 Of JJ (4Jl_jk*«Vl Jt») ^>J 

JU- (vj VVl ^ c-J oULJl of ^f t spill olLcM g-Jlijf oL-UJl "te.) 

. SJjlS' cJ)ll <Jl-AJu J^Ai ^ p-*^ ^ 0j>5o of ,j£c *;2il RAM ^U^J 

oJLa oLy^i o^Jbi lij .JaSi S*lytJl S/Bjf ROM ja ol/liJl j* jlill fjJI 
jj£x V -/Oj oL^dil «*lj3 -/x . UjjjJu JJUi JL*. -j^x ^i Sjl>-Ij ij. \^c^f jcs- S/l JUl 
ojJaXv^* IjSVi ^jji . ^l-f ff-*Liji ^j2- ROM *.l»«i~J dJJJU . JJbJ^>- oLyrf. its' 

. nonvolatile 

>>UI -^ <oV ROM J £-*ljJl c^UJI jviUJI iJjjt J 4 kU t o>i tvJJJU 

.iJjf^ UjjJJ ,j£c jJl RAM J 2-»ljJl 0j£ viJUJU .Syji! 5/1 JJI ^ bU of 

^ i^klL oVUttl Jp Ja»L4 t5JJi U\J.\ gkj ojJ^> ROM jp-j ^&u dSJS 

.RAM JJ ^Liil .L.yJIjf tl>-Vl J t£>-Vl g-l^l U, ^'U. o-jJ 

j 64K-ROM {ja LjpLuaJl •5^1 *_«jJid i-^-i^Jl SyfliJI *-£/ «_i)Ls 
of /Jb- .25K-RAM j 8K-ROM ^ J**Jl flkJ vr-i^dl 5/IJUl *~S>' .4K-RAM 

. olil4-1 iOP JLJI IJLa j Jic K j IK = 1024 

^ iib^ Uljit J../t<7ll i oVi j*^:- .oljJIJJl ,>. ii,/-f gtjJt U*f Jbfy 

. ol/lJUl 

Random Access Memory (RAM) ^1 yixll £ ^JjJI Sjil j 

^ J Ir-ly* Jl g^l yi^-| Ji (^'Iji-JI ^1 !/li) RAM ^ f^j, 
oUUI Jl ^1 o/e ^>- t ^-J»Uiil Jaij^il J^ yi=U s/l-iU ji^ l-i* .cij 

^Jk^il -/J ^'lyu. ^j oli ol/li RAM j ROM ,y J5 ^ LU* .^.^iJl 
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.RAM J Jaii JmjcuJ lilliJj 4jh£Ilj StlytJl cs\jS\'z Jl 5jU i/ljt-jj ((JljJLiJl ^-JJlii 

.JJUAJlj iSUl :U" Ol~i" RAM ol/lU J^cl-J 

Static Versus Dynamic jJUiJI Jjlia &SLJI 

^J.laT.1 *^fj o^'^^y^ .v-JLSdl J^-b J LuU^Ltll ^ U_jp- i^LJl RAM oy£ 

.Sji^j aJL^^JI iSLkJI c^b U JbVl ^i 5^4X«^ a£LJ\ RAM oLji£ JLJ . *pL. 

iL^jJI in-ju aJUaJI RAM /.Jjo~J . i>«^i' oLojJL«J.I -yi Ly>- ilUill RAM j^ic 

^i^kJl l j>z^>j^i\ (*-"Jl j$*l . ijlj&l S^Sli *Ai*£ MOS JjliJl />LwaJ ioljJl 

yuA ^ iJlJUiNl UiU oJus of iilidJl (^LJ) i>^iljJl Sjil .(2_3) JSCdl J RAM J 
oli aJUaJI RAM £-£ t ^i. .iJU- «li5 &/U 4 fcSLJl Flip-Flop RAM i_JUi. ^ 
dJUi Jl A*U»i .Z^L* aJU^j 16K oli (fljS') t«liJl h-L~» ^jJH Jp iL^j 64K Jl 
RAM S^l JJ i^ijAJl *e-_ r J\ _ iJU apj-. aJI J&VI aJL^JU ilau«Jl iv-JuAl -^p «_^j 
i_jL->- J* SjIp -^Ij <JIp oUj^. Jp Jj-rfJ-l •_■>!£ . iJli _^lj 350 ^ /»_jJl aJUaII 

,U\»J\ litis 
j iuyi 4K oli iJUiJl (f\j)j (2114 Jl) 4K oli iSUl ( f I J) i^JLI j_^Jl 

.RAM JSISJ vri^JI JL-JUil ^jJfyu ^j .JI>JI J*- (4-3)j (3_3) oJ-S^Jl 

. jLil jku Jl IsAM w-^ S/lJUl £jll JbljJ.1 Jui>dl ^ aJUaJI RAM 51*^ 
i^JLpI JJiii jiji J* A-si; djuj i_j_ r «ii i*~jdl J iyjiiil o>^iJli t 4>«Ji ^f Jioj 
J* i^Jui\ JaJt^" ._-£ 1 AJUiJt RAM S/li J Si^l oL.jJL«il Jii>- J>-f -^ . ob^JtJI 
Sil>j . S/IJJI J oL' LgiibS" jvJ oL.jl*il S*ly ■y. Ja~LrJl U»p uiJb- . oil J* 2 jf 1 
bjAPjl Uvs> JslJL^JI il*c fy& tcJJl jrjj5 J^r-f -^ . IflX^J; J^li" ob>wiJl ju*x»J 
. ^jU-i 1*^4!*. ^ J^Uax; V RAM iJ\Si J^IJLJI fJ h:-Jl jf Ji^V . Sy. J? J %15 
^ Of ^ (2_3 J5CJ1 J *>«J.jil) 4K oli voj-^ 1 iiUiJI RAM ^^^-Vl Jpj 
.ijS\Ji\ *JA J»ISCJI Ji-i^JLJ ^U*- 64 Jl Jaii p-U^ viUJU .i_i^ 64 x jj*«> 64 

J) .^JUI J* JvtiJi iJk> ^l v_ji Mjf . Obt-o Ja~idl JbjjJ i?-U-l -y. LtJJ' 
iLUll JLiJ -yij Ja-Udl 6(J Jio t LJU . (i»li Jl Jp Sj-iL. l^SJj Of kJ^di jSLc J-iuil 

JLr- Lki Jaii ^--kuj iJU- J5 Jpj .Ja^iiJl ^yi ^ SjS'lJLlI Jl £jjjl _^>-L 

JLa^l a^A-cJl . asIL* i-J- Jl Os-lj -J-. £cJUll JUj ap^ -jj. JJUj Of ^gjJl U.>..t.rJ.I 

. Sj5IJJI ^L^pI -^ Jli L. UIp ,_/ JJI Ja...V.;ll i_/l J 
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gjij y>j 2107B SJb-jJU .Intel 2107B : L^\Ji\ RAM ^ Ji. J| J& tfi\ Lpj 
•jj^Jl) iJU _^U 400 JjL iwoj ijjij (oliLJl it.\jii PJ^UI j^l") 4-Jtt jJli 200 ijdi 
*JiJ .jjA« JJlij /•U*** jj»-j *Jl>- J5 u..,LU.'J . -J** 32j (S^'lJUl j oLiLJl 4jL£) («j!5Ul 
. +12V j -5V j +5V : oL^~. «W& v^J 4K * ^'j ^J J-4 2107B :jb *"j Jl 
^jljjl ^j* jSlijJl «JL«> ■y 4JLJ ^Um*^ lSjJj* 1 ^' i>** 2107B 3 J^-jJl JUjc^Lj 

L^L (SJb-lj aJU»j (j^yu) V-LaII RAMS »JLa Jt» «-i*aS . oliLJl JitJ iJUiJl .k^lai-l 
>v»Vl ol/lJUU ^f jflij J5L* JLxU j^c . Ob-Vl .> Op JLu" L^V *&L*i\ JtfVi 
^f ljUSS l^j Jif olijfci >^Vi oljJIJUl <_ik; . o^Uj 5 1 2 x 8 J IK x 4 Ji* 

.oJb-lj iilijJ 



« - 

A3 - 
A4 - 
A5 - 
M - 
A7 - 
AD ■ 
A9 • 
A10 - 
All - 



> i_ijd~o!l *U^I 



(M«M) 



> JJUpVI «Uil 



r 






pUI 



4| iUS / •►Iji 

j . 1 yu* 531 ami 



( 2-3) JSLMI 
4K **-. *~>r>yd\ ilUiJl (flj) 

l^liSJ fjt; iSO RAM jyb ,>• luJ Jif SJliiJl RAM yb ^~' i*»5U<, 
J>-b ii> a* ■_•& { bl liU| k>,V.T syb i)lJU)l RAM <_JJ*5 dJUS £_*, . iJUIl 

.MPU 
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-jp iv-Js ojj^i <-<S'j :}j - IJL * --r^ '-^'^ ^ J^ 5,5lp RAM Or 1 "* "^ 

. JwLspVI J12J Of ^ j&j Li Jif SjU iJliiJI RAM 







lnnnnn n-n n n n n n n it n _ 
iii::;;i{Min-| 






': VI. 1 



(3-3) JSJJI 
[5/IJDI 8U^ ^-LS y ^j^JI] 64K tu- (21 14) *tfUl RAM J ^Iv £_Ui 



Reading From The Memory SjSloJI ^ wljill 

Jjlj -_. iJj-^il aaAs>JLI olili^l On j" f^ yl *J J 1 ^ i>" Chip-Enable 
.OjLi^l oJL* .llJUN Jj^l j~»*^< ( _ r ~»Ul-l J-aoJI J .4J_yjJI 

,5/lJJI J^-b J SUslI iasOJ 0I>*JI aUHi - 2 

J£jJl J ih^l RAM Jp S/jdl 4KJI o^U, ju ^ U^-j *lfcJM 5^ 
iL»j 12 Jtflj tiSlij jL^-l J^-f j* *i\ij *UxJl (CS) jIx>1 ^jj^l ■>• -oi* ;(2_3) 
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iJLJ j»o>wJ t 1 ZLoj x4K ^llij ill>- J . aL^jJU OI_>i*Jl jlJl»i Jj4 <y A0-A15 J^ 



Jfcrtsn^i 




(4.3) J5LSJI 
(jilj oUL. £jU- jvJ'jk i-V o^Uil) o"iUj 4Kx1j aJUaJI plj ,_/> 2107A U>jJI 

d)U-— I (J^ ^rf^j °A>~* "^JLJI 7t...... ^ . t rjJyl ^yj ^-^ V-0 •/** jj^r 4 -^ 

iJLSUI i/IJJl i!U- J . ti>sJl jJUil J| oUUl Jill JpoUUI J-jj" ^ .oUL-Jl 
fclliJl SjLS"iH) usSUJ! SjLii pi" ,(5_3 JSLtJl _£j|) 1+^p -jw- oUUl JJb" of v£ 
Of U^Ul Jl SjLi)fl Ji-f ,>. JUxiVl -jLj .Ju*ll oAa (.Lib (5-3 J£DI J JpVI ,y 
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r-^l -^j M £j}j)\ V Lu c^JJl o-jJl «><• i£ f ' 5J ~r «»li^l Os^ 5 J U 1 Us* C-r^* 



OlyJI 






^ JiUI J* jJU Jlj^JI ^ 








oUUI 








^X^lLU i-jULl 


oUUI 








(5.3)JSLJI 





•jSu: V ii~««j oUUI SjUi^I J^f -j^ iU? ijji l£\ JJ| J^So Sftlji Sjjj JJ _0u 
i_jjlHl ^yjJl y> SjjjJI -^j .Sjj-JI jj-tj *Uiiil JUS] JJ iJll oj^i oliUl J| rjJjJl 

.ijbSJl aJUju \*j~* :*ljiJJ 

Writing In The Memory SySl jJI £ iillsJI 

. L" ULL^j ,^JI StljUl SJUp JJ if-LL. S/l JJI J i;U£Jl J iiUAl OlO>-Vl »->bJ 
Jl iiLij .iJ,jj«Jl OLu-f _«* S^IJJl J>-l:> ,jijU*Jl -V^ v£j •^S'l'JJl olilij ftlfcjl ^_j£ 
•y^Jl Jbu .Tl -^*JL SiJbJ.1 oULJl Oli-f Jp IfoUS" ._*£ ,jJl oUUI jUis-1 ^ ^ 
JS iJli !yi Jj~» . 5iJb«ll S/l JUl jl _^p Je- oULJl ilS u^ Sjj jJI y,y> ^A\ T2 
5/IJLII ,yljsJ JaJaixlJl p-jJI (6_3) JSCiJl J ^ .5^1 JiUj oUUI J#li ja 

.fcSUl 

Read-Modify-Write Cycle SHjill JjjjuJ iiliS Sjjj 
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The Memory Volatility Problem 

XUS Uljt&\ fcUll Jjjj ^ .jl^-Vl (.Op ^* MOS RAM J wf^l J^JI 
V* ^ ^L^ 1 <J> J»« "IjiU ROM oljfli JA& ^^Jl IJU, .l^l^s* RAM 

.(JsiiJl f lbJjf Basic (^11 tte.) ^UVl > l^u^ fcUJ 

ROM cX^c-l lij .ROMj^^^ ^JU| s/lJUl J j|^j| ^ J* Jul* 

=>. .-A-Vl oil .i^ ROM 5/li kJIcj li*j ROM Jptla J (^Jjkll J* ^jJJl 
STAS jljfc-'ill (.J* ^f *1£»LI ,JU Jkfjl . lyc~A RAM ^-Sy" 5^ oVU J aj *-»>jU 




oCUlJli. 



X" 



/^ 



Z)CDC 

joliUI 






(6-3) JSLSJI 



Battery Backup oljLkJL ^jJl 

cb'f RAM J UL^I olUl jjijxl oLjlkj j^ y» "iUio-l JtfVlj L-All Ji-I 
oLkJl £rb#*A djSi jf .^UJ CMOS o/li cJUjc-I li] .cJjll itkrt^ 1 olkll *-UmJ| 
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oLjUaJl oOA Ji. . (^jSLoJl jl^JaJl iafc ^ 4^aU*x~.) £-,L,f sal 4K ji ijSk rJ i 

.^f sal S^li ^ JI iJL^I yiLJl ai of luJ J*Vl S^SjI oLjlkJU •_■£$ 
a»JJ J*^J LjiU J*-1S v' lj J i>«-^ L*T ^j S/laJU Jaii ^ CMOS (.ai^- ^ 
i^L^I jf ii>*>J.I oUjkJLl J i_JUJl j oLjlkJI Jwcl-; . iSLkJl ib^l ^ j^Vl 
,jJi S^j, ijiii Vkrf^ 1 «U*J1 ^J^l J"^- ^J\ j\ oCUl Jiii- sxi, J^ii; ^ 
J <jf* £--^1 *a. SjU-1 U^p t^lka ^Jl iil-31 . jJlij JJ iJliJL. ^ q\jz of j^ 
0- u-1 ■?*•& *;jM «i* >*^ UU>^\ <a15^I t£}lji l^ lap- ijb UUJI 
o\*£ll <»lkll ^iJl oVU- J .s^lalJ iL> gljj ij* ^ tto ui J nijj^kJI 
£]jj Js*^ V-L-f ^— J t5f» <^il * Jljp-Vl ^yr J UwJl cii^j of J~*£ iLji. ijiii 

.J»-Vl <l> s/lj 

EAROMS 

jS\ Bay v^l / f/l s/li (UjU-I j (L'L^5 JjjudJ *L\lj k& \j\ s/li) ^j 
jUx>-L . jlill ^jjl j o^. r s/laJl -yi ^yj| la* . Bv 1pVI Jp s»ij2ll) s/li ^ 
Aj^-jj ijijf Jli«f oUJaJ L'o*- c-aai*u-| ai, iib£Jl U^ *U*f la>- JfcJay iiK, ^ 

Bubble Memories ju*\aH\ ol S\Ji\ 

oUjLdl JU4 ^ .Jja*. ^ s/IJJl ,y ij^l^ i^Uill ol/IJUl jijj 

(Lp JS^o J^cu^- ^j . L^j j^iJl iJUj iLtu ^ dUi ^j . jj.^\ ^ iL^L 01^ 



Jb5i dpIjAJ! ul^lj 
Read Only Memories (ROMS) 

^ cfc ''J* Irk* 5 * V^" Ua ^ «iJl lijJIIil dJLL- y* Jaii s*|^iJ| 5/li Of jjjj 
SsIp ^^, U j* g^UjJl Of ii->- ROM ifjj ROM J oUUl ^b5 SjU ^^^^3 .^y 
OV IjlUj . S/loJl J c^ ji SjOpJlI o^>« cJlSCif Of L* ie.jS\ ^ dUi ^j . l^i 
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(RPROM jf) EPROM _, PROM j 4JUJIROM : ROM -y> £ljj| i**J J^*^' 

. iiUaJl ROM ^y^ Sljf b>:> . EAROM j 

J~jj J**iJ.I JJ -yi 5/lJUI oiA ajjJlUII oL^>«il Jl iLLall o^U>_jJl £JU jIjuI ^ 

uJjAvall (jvj yU%^oy *LUI aJU- jf *UjL> UJ 5/51 JJl J .iU-Vlj jli^>Vl l_iy . ^\J 
i±Uj «-LiJ*y jjUJll *-J>j SjJaji ,y> ROM iJlij £y~s£ J Sjk->- j>T .o-UpVIj 

jj Jijdl iL-^l Mask fU j~f>«i fr"- 12 ^ f-^ ^"^jp' £^ eSj^Jiil J^^e le~»- 

. x_Jl£JI> if j~« l^L ROM ^-Aj <ilJJJ . oj~>-Vt ow^aJl Sjki-I o Jl* i-pJiJ 

Jjf l-b- SjIp «Jwall tJ^i ' ^-ywi'Jl iJL** Jj £^1 £&1 J *UjA\ iil&J \Jeu 

■j* J2i N L. ^ Of abJil <>• . i**il oJla Ji* JjJ JJ !+>■&)! ROM oUS" ^ 

<- Ji vx cs U^- 5;iU - e^V 1 ( -r J - kj - ^ <il ** u l •■Mj ^j <i R0M 100 ° 

o/lAJl jlyiiJj CJ^jjil SJl* «li5 Ji* ioIw- SJLp 4*Jail ROM J of £-y -c^ 1 

\+\ .8316A SJ>-j ^f 16K oli iSUl ROM J J>.|jJI v-SyJl (7-3) JSJDI Old 

J5^JI usrf .^y C 8 50 j* U^J j*J .o^Uj 8 -y iAJ> iU* 2048 _, iSy, 

.iJC jJU 150 ja [^jij ■yj .64K oli iJlIiJl ROM (8-3) 

J i^ .ROM S*I>J ^irJl -yl^J JaJ^ll f-jJl (9-3) J5^JI J jA 

ju, . Sjj jJi c fjui (iJJi o^i 31 iili j JI j 1 ^ 1 >A *J "°J* [M s -^ ^ '-^ ^■^ :) -^ 
. Out Put g-yUI jlu-f J* s>>^» Valid iJ-UJl oUUI jx_wi; g^ll j-j *U£l 

: ^ ROM J ii^iil v-* 5 ^ 1 "lSj 1 - 11 

. ROM £&l J j*-^il jjsttJI _ 1 

^ if^Jl J fJ^ Jbr-j lij ccS>f iJ^ .l*«f* ^ ROM Jj-mJ ->cV _ 3 
. ROM JlJU-l v^ ^ f : ROM J^'^ J ■*>"" ^'-^ J^*^ 1 
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. LuOuJwl Li -^ L^JLc-f a£-jj ^S i-kii StlyJl oly'li {y iSj>-\ f-ljjf SJ^- cJL>ol Xai 
\ & i. *-.... . EAROM j EPROM/RPROM j PROM : ,y» v-sb ^' ^ j^ ^ 

. (J*«iJ.I JJ y> ifjJl iLUll S*I^a)I 3/li) PROM 

.jl&^yi JjUJI ^LjJI oli PROM OLp-VI ,yuo J Uj Lf »~J .^U- PROM 



CSICSSCS3 



AO Al A2 A3 A4 A5 A4 A7 AB A» A10 



1 . 1 .t. 



&jUjl Jl>-jJ Jjlp 



f f '' I I T j 




JL f -. t 



I 




llllll 
oiao304oso6or« 



(7.3) J&ill 
16K **~JI olj (8136A) iSLII ((ijj) 5/li 



LSL-* j," ^all a-U» (j5Cc .Fuse _^-ac S^jf PROM J S^li iJL>- J£ 
. (jLL^Ej LiL^u) i)j-m9j-« S-WpjIj ejjji^ajl k-^ iJ-^»Vl j . (0^JL*«Jjj) jl (aj^SLJI) 
«_ily> J _/>Uall Jyi . oUa-Jl ^ SJLJL, PROM £-»j^ j-JUoj i?^Jl <uI*p j!>l»- 
tiJUj j SJU^-Vl /t_* i-ijiviJl JUajl islil s»ji vlUj j* ^_^....:. ; .i tSjS'l JJl J^-li (J i^U* 
.PROM njjs-j jj» JJUJU ^UJI j^cS\ .Logic IS :l>i oiku dUi y ^j^i . /<-»ljll 

a—^j J^>*j jj^i . L- ! hjij6*> ZJiiSj iJU le-j** j *JIp iilif PROM ol^Sli aJLJj 

j*>«^; jL\J PROM Ji iiU5 JI 5iUil . JLjO-^U l^JL^yj J^Ji^ PROM Jy jJUb 
l*^ c*£* ■ f^**^ "°jt^ ^LaS' ^-b;} JUj 4Jb-*y o>jL Ulo^l -_/Xf jJl ROM *-« 
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j* .U*-\j i>L* J PROM ^Jl^. ^ Jjp- ^jjjjJl ^ ^ diliS .£sLJl SjJ^. 
*Lk>-f c-ftio-TI lil .a>.|j cJj J PROM ^ Jo-\j ^ Ja2i «^j i^ijpjl ^-Ul 
. cjU^jJIj oljJdL) PROM Jl I JL* ja JU\ ^\jJ^z u ,\ ^jS^J.1 ^ j^, U UUi te. y 

. Iju Jb- ljb-lj g-*^ PROM Jl ^ VI j 

4jji- i-J plagued cJbl JUi . ioU^Vl il5^>. PROM cJl* cJU- oljiw «,/ i-l 
J5CJI ( y W j i_ili.| J| j^-Lk ti^j ;^i jj^ .ui . Grow-Back ,j^^\ j-Jl aK^jc &£j> 
i***j c-^jj ^1 iL»Jl ^~r^> ilXJIi . J-vj-" t yd« Li^jj j^A\ ^y> ^jUu" ^JJI fj^SCJlj 

cjIj^si c-fjj Jii SOjJ^I PROM o~b-j (Reliability) ipL^I ^ S^L^ii'j . a-^-^ 
ikv-l^j UUfrf tSLJ-| ij?-j ^y> aj_ )5 9- ioL*^ oljU>-l l5j^ cJlS ^1 Mars Lander 

.PROM 

10 00 j* JJI oUiC; gjtf ^11 i-.ywjj| oULUll oUJaJ L_ipf (Ui^J 
OlJb-j i4jj5LjJ| oUJaJl jt <^£L-j«JI OijJaDjf ^LtLwaJl jf iL*JUJI jf 4;JaJI oLiJad) 

by>- Ja^J iiUpVl oIj^-JI PROMs ^^ l>j**j . p-jU^JJ ^l^ o^i«5 PROMs 

.iJ^-j iooo ^ JiSt 2^0" jJl oUJiil J tc-oIjJI 

j^" ^s yi Ija i^-j, lil j» vJJUb t Xjb-lj ^ PROMs j ROMs J cJlj V 

J Sj^So. Oljjiu" (JlJjJ ^/•jJaJl J-i £&"^ (H-^ 1 uw^Jl jji» *UJf . PROM Vj ROM 

sr U^_^. J , l _iL. J uil£. PROM JL^.1 OjSL- JlJiVl jjkll Jili JiL .^U^Jl 

. EPROM y> JjjJl 

(*f jJl SiUV %LU1I PROM jt j^JJ ilUJI PROM ) RPROM/EPROM 

SjUI ^ jJlj J^xUl Lf*^ .kii Scl^ii) ol/li ^ RPROM j EPROM 

. LJlijfJ SUJll PROM j UV-Erasable i»«JJl <jy i^Vl iUJll PROM 
.^jd! 4_iJ ^i J^JI fju. Uf . ^-d! ^-^ RPROM jf EPROM U u *~i ^j 
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(8-3)JSLtll 
(rJj &'£ **U j\i 150 -j &s>j 64K JU4) Intel 2164 JJliU)l (^j) l/\i 
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Sol (JU My) ic>^iJl J>ji iaJ-Vl Jl <uiy* EPROM ^i^Jl yjl Lr >j 
J&iJl _£JI) lfij>j ^f >*Jl Jl S^IJJI L^U oLyUt £_*-/ dJUJbj Jilb 10 JI 5 
l5JJI jJjlj£Jl •y ij>S0. **Xjw jJi 3 JilJ «J : ii^^Jio ^La^- EPROM <_i}UJ . ( 1 _ 3 
tM 0* U^ry. Cr^ >- aJI Jl EPROM £>" ^ .^>^ij| Jji ioVl SLL £_,_, 
Jt>U jj EPROM J>-b Sjfc£ ^Jlj, if ji dUi Jbu ^ . (E)PROM J ^U ~^, 
olij&l JUo| dJi J*, -j£c . EPROM J c/>Uy £>U ^y jZs jil» <^i ^ 
EPROM {$ j£*J hjk-jA ol^Jdl cu>w»tjf »lk4 c.i»jfl lil .jjdl ,^J J 

. Oiyi SOP *JUjJ| ftjjb ftiU| -jSCc . JjliJb \&£-y SjUIj 







ijjjjl 


.yj 


1 










1 


oi^i x! 








X 




aiijii ji&i i 


X 






X 


Vm ! 


oliUl £_Jt 1 






X 


0.U oliUl V yi» UiUe £j ^1i 


v« 1 









<9.3) JSC-JJI 
ROM j»\y£ ^LItItII ^1 

i***-^. Ul* jj>i V EPROM jli dUi Jl au'l . iilSCt EPROM j*j Lj^j 
i*j~. <Jk£ JLUr . £jJUl J* L-iJ; ^11 PROM j\ oVl ROM J ^ _ ^ _ j^ 
£-jJJl «_JUJI J iJUaa dUJJ .PROM jf ROM J L^ i^ilj- ijy^> EPROM SsUSj 
*Jl»xI~J jdl UlfJl *^«Uaxil JLiJj ii^jJl rt-vo-^u J oljJJ EPROM *J>iIw (^JJl 

. PROM j\ ROM 
SJb-lj ^ «Floating Gate» ioiUJl SjI^JI . EPROMs ^Sj^ oLi; «J* Jajcuw" 

t_Sj£ .(11-3 JSwJI ^l) jj^JLJl JL-Sjf jU ,y &kj L,^ Jjjo L^j jjSULJl 
5y JjV EPROM c^j lili . oUi-Jl ^ 5JLJL. *k«.l_jj OjSJLJi iljj j i^-xJI c-p- 
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^jJI Jl L^^^ .^Jj ^>«^aJl islkJl CjLj1». /y oUj^^l A_*JUJI iJj£jLJl 




(10_3) JSLSJI 
^aJI *^vaJI .+ SVj «lkU ja^. £_« EPROM16K ^j «Intel»2716 !Jb-j) EPROM ^ 
(i^-iJl J^ UiVl ik-lj, SIS^I j*i ^iil t jL •_,*£. 2716 iJ*-jl\ ^jj* 

EPROM ^ (12.3) J5LSJI j .512K JJ 32K ju ^-ij^Jl oliti£Jl CJ I^' 

.Ui jJU 450 ja, [^jij -yjj (8708 Jl) o^Uj 8K ^ 
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^JLJI fjJI y iJjSU_Jl ts>» 



(11.3) J£Sil 



(o'sLoj ;ys*j oijuli ^ 



4£jJl oUoJ . 



MM 



b 



jUUl 



&* 



«7M 
EPSOM 



(o"rt»»j 8) 



es/w 



(12.3) JSJS11 
J%*j 8K Iw EPROM ^ (8 708) tb-jJI 



^ 2 00 j* If^Jj j-j - 256K oli EPROM ^J^ 1 C 3 - 3 ) J 5 ^ 1 *i J*V 
.bf olyi- J* J^U UU ^j .USb^S ^s ^Jl RPROMs Uj >jS .UJ 

. EPROMs (UV) ^ £_. jL^. 

(LSLj^" JjjdU aLUJI ROM) EAROM 

.1976 i_^ J Jlj-Vl j ^ ^JJI EAROM j_* ROM ^ >Ml jyJl 
JU- J£ Jp, .l^U tt£llj Wu 3*I>JI ^ LSlj-rf* J*-uU 5LUJI ROM ^ EAROM 
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Jp_ iAjiiU ij\i EAROM ^JJ of j£*j CjcJi&z (<A£3\j S^l) Ocl*jti\ oVj 
jZs ^ ,IJ^\j aJI^ EAROM Jp ilsSCIt ^-iks .READ-MOSTLY u^l^l 
VcSlu\j Solas' EAROM f I Ji*u-I ^ ^ ^ • V^ J>A* J "L^ 1 ««*** >~l 

S 

JL;_^iOl Jifi-I ,y <ipLMi« ol_ji*~» v_JLk? jJl sajbw CjLiJ EAROM ^Ji*uJ 




(13.3) JiLiJI 
UlLj SGS £i*> ,>. 2S6K i*~j (EPROM M27256) i-b-^l 



*5*-L«Jl oU£ll <y JJi jo* oj=L i.j5Ul oVU-l J EAROM L^Sy ^ 
Jt.) 0pL~. i»U jOvw ^lks ^j iyc^. l^r EAROM Sj^ . SjjUJI PARAMETERS 
V-UJI oU£!l OjjL i^ EAROM ^la^u-l jSic ^Uai-I oJLA \J&j .(ijlkJl 
^ EAROM !J».ji i v^l l^' !/l^l o^r ^~>- i^ll ^jJj^jJI flkJ Vrj^J 
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J^*x-«j Of jjUI j>y ROM_£ J**i~J L'JUi ^a^ oijS'lJJI ^ s-jJl IJU 

. cJjJl lJu> J iil^Vl i>jJt*all oU-Ui,l ijiif J .tfUJjjJ 
iilSJlj ilxSl) SJbljill fyJlj iJUJl oliliSOl _^J EAROMs .-^^ jjk; *>cj 

. ij^j^l oUixll 0*511 ^^a^Jj^j . ioL^Vl ROM £ljjf a^ Li^jj jjjj 

ROM TECHNOLOGIES ROM aLuft 

: JUI Jp [^.jy a . u .j ROM vs^ V-sO oLJij ,^-ijf /»>A>«i~J 

JJ ^ ifjAl o/iJUl ^f PROM J iJLsJl ylkiVl iJLS fJi^J : BIPOLAR 

2>yi jaj bj& of ^ ..itfili oUaJl ^ i*^ _A5Vt ^ jyusJi ^.UaiVl .j*-cUi 

Jl >-^Vl PROM olJU-j J g^JjJl j^j ,yii^i .i-Jli _jJU 100 ^ Jif tUJfeLl J 
j»l>wJlj ^^^1 ipjJl iJUi5i l-jUJ^I oli PROMs pi; dUi) . Jsf jf iJli _^U 40 

.(pj) ol^ (PIN-TO-PIN) ^1 _ ( * r ._ ^1 

. RPROMs j EPROMs g\ iU*ll PROMs olJ^J MOS JLff pj&s-J :MOS 
Jl 2 50 ^ Lx>-iyd\ ^jJjJl oUjf .iJUill t-jUaiVl oli olJb-jJl ,y tLf ^ 
£-Vr« j*J r-jlj-a ■***""-> 512k cil 32k (j* Vr^j-*^ oUli£)l .iJU _^U 1000 
^yJlj jU^.^1 ^-s- jVjj .jUf ,>. JS\ Jl olj^jjJl ^ob^j, EPROM 

.(14-3) JSLiJl j o>« t/ri^l PROM ^»JS . p5%\ 

5jL*j Uj-J: «w*^) . o%^Ll oLif ,ja JJUil Jb^xJl «V~Sjf ^«j" ^j : MNOS 
EAROMs ^jd SJfl, SjA" MNOS ^ .(.[MOS J <JUI sLill] NMOS jp 
j^ja lf>-jJj (>*j . lijL- ij—LiVl l^ajUa>- c>v>; JiJ . [LoL^^f JjJUJJ iLUJl ROM] 
IK ^y. 0*5/1 i^-i^JI AiliSCJl .V 1 ^ 100 JJ 10 ^y.^1 j,jj US jjSi* 1 *Jj 

t>J . i) NITRON.GI ,—* MNOS J 0, ■ t^JI 0>-*-UaJLI .64K JJ 

. OljUl J Nippon Electric j sji>J.I ol^l J NCR j (McDonnell-Douglas 

.ulLII ,y LsLlku JLB ^Jl CMOS^ iJ^tf EPROMS ofjb :CMOS 

oVU J U\J>\ %\y\ *J% 1 JwC-J . ixiUJi ol/IIll ^lyf u-ipf 0*511 ti^j JUU 
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(14-3) JSLill 
<jrij*d\ PROM q-aj? 



OTHER TYPES OF MEMORIES oljSlill t> ^Vl £l >>VI 

5/lij CCD */lij iLpUiJl S/IJL)I ^» oljSlJUl y Sj-U* fljjf 4i%* Ojji» JL2J 

. L4JJ ^ Luo . o^Jji JflJL* Js- Jj>-f -y PLA 

BUBBLE MEMORY fctlUil SjSliJI 

£*£ Ol V 1 ^ S .A^ *»L»jJ (j^ • l*kr "W^l iiUSOlj jlyx^VL <jpUa!I S^Sl JUl j^ 

.iJliJL* 10y> 

J&JI jJiJl iJliJl j iU-j 200K Jl 5 y, ^i^Jl JjuII .oUU ^Ui J oUUl 

.(16_3)j(15-3) 
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(15-3) J£Jl 
[iU>j 1,048,570 4ju»j] ijte~l\ ij*UiJl o/llll iX-j 




(16.3) JSLiJl 

ay- 5i2K ja^j squill »/ijji ^i 
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CCD SjSlJ 

J . U>- «JU AJliSC «j-*ll MOS ol/li ^j . irjJjll *^l «-*>-j CCD ^ 
J* Ui^ll fJ aVl ^Jtf =>• S>^ oUjj- gy . CCD !/li USL* jju- ( 1 7 _ 3) j£Jl 
■^ aJU oliUS" ,> JjvJ-l j^c t^xAl Lf-jy SoW, &LJ IjJiij .OjSCXJl 
j^ 1 00 Jl 50 -y) *Ja; jjJjJI ->0 .SOp-Ij iilij J <Uy 64K Jp J_^»J-I ^-JLiJl 




(17-3) J£JI 
CCD SjSli 



uUUii.'^ Jl*°b <UI_jku>Vl AiliS" '•iljjj *J|_jJxujVI *>-j^ yuv- j ^Li>J^U \JaJj 

*JLi: ^j .oUljk*Vl ^j-ib" jf CCD oljSli Jl*j «-Jai..J ^i «Jb-l_j iilij J ^Ij^Vl 

PLA SjSl j 

aJSLa jJLJ(18_3) jXdJl J .ik~j SjSIS C~J (<*f^l A^kdl ii^tvail) PLA 
JL«il (_^_._jIjj) ROM :ROM j* O^'l *-«!/ ^ Uv PLA ^>* ^k -PLA 
.Ukll oljUVl JJUj ENCODE ^ J-wO-J ^i .hj^i\ (jl) ROM; 

PLA ola>-j {M*z~3 .(19_3) J£iJl j i^> dUJU fcil&l MATRIX iLi^Jl 

.MPU «Uj ^jU- J^xi^- V Uj*p L^Jj i^wJl obLUJJ <JU£JI 
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ROM 



a — r 

A- 



ROM 



\ o g 



g 



O— * h - 



ABC 



H, = ABC + 
AS + ABC 



v G, = ABC g=AJ ^^ 



(18_3) J5LJJI 
PLA J JikW ,J»^i\ ^-jJl 





















. 










a 


-y 
















1 


T 
















i 


T 








( 


n 


T 




























<3o = A 


BC 
G, - 


SI 


= aBc 



oii-uii uur 



(19.3)j£ill 
PLA J fcilSlI ii-i*aJl 

SjSliJI *bd& 
,J 5il* iLu«x-Jtl oLo3dlj olj^lJUl *-|_jJl z*-^ LL^>_j jl*3 
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pS^JJ tJUaij Lil* ROM .RAM j ROM l> S/IJLU OL-JJ' i^jjl .i>*Jl 
Sjjl«£ (~\y\ c*»^ JaI . SjujJ--| ^I^Jlj oULJLl v-JUaJj o^^^* j^ RAM . g~*\jAL 

.g-»ljJl uv-^ Js^-J EPROMsj PROMs Ji. ROMs -y 

.itjJiJil JLTrf i^lUl I/O Jilill Sj^-f ,y>CX jVl Lp:> i/IJUl L-p jf JL« 

INPUT-OUTPUT TECHNIQUES £l>V!j J£jf I obJ53 

r^Jlj i«tUilj f^^-^l <*-«~^l '*** j-wai; dJUJLJ .JLihll CjLJL" ^ cSjL^r^ 1 ,yi 
^1 JLiW.1 i^iJ^r olilij iiJb^l fJyVl dUj Jj ^ . Vjf L^^xuJ ijj-y i^l JQJ ^ilil 

. INTERFACE uiJjJ Sal* g-ltoJ i._,Jidl £_* ^V^lj JU-^I Jjf^-f Ja<j JLi* 

5-jJ Jj SJiku v_iljjf jl o}b*-w />->^j {j* JJL*xII <j i-iJjJI Jlf>- 7-jl_ri '- , ' 0^*^' <lf" 

iywaJl oU-Uil <-iJy bj^J J?-l -jj Olili^l {y> c\f-y jyo . iJtkll r-ljjJVl j>«^f jf 

iJJyJl kulilij .ivs»LjLl «J4>-VLi ,*£>uJI olilSjj i»UJI ^ly^bU (-iJyJl otftfj L>*j 
DEVICE Sj_£>-VL; cjLaSC^JlI *_* j^-^aJI IJLa J iij-**^. a_«Ul)I ^l^bU 

C'j^V'j ^V 1 l ^- %i ^^ ol *^ ^^ s >^ oUJi: - -CONTROLLERS 

. «_jLJI J-aaJI j ii^y ioL^Vl 

iUU-jJ Ji» iihil Sj4>-f <_ipf O t li i>waJl CjU-UII i.jlki. J » Oi«^J of Jj>-I -^ 
^mJ*LjJiI Aj>«— Jl JkSlj*i iIjI^-^j oLiLiJIj oUjlkJlj iil^Ja-ojll olf>-t*j «_Jlill 

iji* i_iJjxJlj cjLxiJl oJLa l-JLpI c~«u>*u*l Jlil .'kfi-j^j i_«JjJl «^f>-V oLiiljj ■,.. . -lh** 
oLSlij «^« oj^-VIj oUiUdil oJa Jwjj . S j^>-VLj Sj-iL* *ii>*dJ LSI oliLij cJUx^l 

.i^Lill Jil>Jl *-• j^-jf tij«rLiJl JiUil 

yiljl illjk-VL; <S>^\ J— jj ^i*i .j^*^ tJjJUall (j^li-l j»iC*dl ^_ihj /»J^i^«Jj 
iJ^ fl.^I*-L) Cj\jiaJ~\ ,y iJ^- iJbu (v-jlXII/c^jUJl^-f^l) ijSwLS^ Sl^f kiLj^ 
SjJoO* £-\jl\ <~ r £\J (Jl »JjA* oliUj ;y> J^lS - ^^ jLf?- rjljli Of ,j£c .((Jas^U 



143 



J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



«>iLl ^jJiil Jiijj ^ ilj^j* g-l^lj JU-i^fl :•*>■[ ^ jf d^- 

JL>oVl iyprk JUj^J ( »JiJ oL>- dj^ 1 cuj, . j&Ji j,Jaa ^^ iJiu i)l*- j oUUl 
iVl L« .DMAj ^JpULIj (ifjil JULiljf) POLLING £*k^| ^j, r-l>Vlj 



. c/teJl v-L-Vl oLJdl oJjk ^j M 



POLLING £lUal*VI 

• fe 11 >Jl "H^j o* r^Z ^ -W j*J <*jil ailslL. viAJJj £>lk^| ^-o 
cJJjJI olilij ^ ij^JI JiljJj ojJkill oUL <«_-> ipL*Vl i)U-l J JiUll s-^-f J^j 
.(OUUI JiU j«3i (20.3) J5^JI J o^ ^^U) .ijIUl 

^li'M ^j -yil^; i^ss £>Uai-Vl v* ^^ ,i«j^ J**z~, jJljf i,A>. tJLkj- 




<20_3)JSLi)l 
.Cfjui _j villi J^u jLyt- JS -~~>«~- -(( 20 - 3 ) J^JI ^^-^.LJ) «?i-J^ v-Jk; Ja» 
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y^> ^ywaJl ^_JUil fJL&u-i u'ten i~>\j±-\ ,Jbu-l lil .oUUl JsU Jp SiU k^djI 
Ji ^ywJl ^JUl.1 y^_ i gjAku-Nl Jai ^ dill! . U Jlj^Jl JLoj JUil jl^JLl 

. Ajj\iaj> ioJLjLl cJl^ lil U JJLs£j /«-i^lj Juila jl^>- 
b\S lil -((21-3) JSLiJl j&\) AJiyJ JL4JLI ^Jy J^^, J ii^Jl ^^.i; UL* 

.(22_3) JiCiJl J £-^ ^k-VI £->& .jl^JLl 




(21.3) JSL^I 
o^j»U-I obljll ^yaw* 

Jil) . s-t^UaX— *yi &jjU*j f-5Ualu»!>U oL«J-| .^JiJI •IJLs^l^iV JajCuJlI «-jIj_jJ| ^Jj 

*jl. Jl fry. U^k 'J-*^ 1 u^ ^ r ( 22 - 3 ) J 5 ^ 1 <i ^ t^ 1 £r*M 
HAND i>oUi. JjLall J oU^JU* p^lj jl$4-l Jp <JI>. ^jl» iJU* ^a; . ^Ldl 
ii-i-, ,>>■[, jlfPr uy *»LJ c/tfLaJl J* (■ Ji^-J .(oUjJL*. lHj ^f) SHAKING 

±iAJ>j JLiLil i_iJjj A*lij j iuw»_)JI J>wj MPU (j**iti Of iLJLJl a JU> •_,&: 
(j^*^ -J^r 1 Ji ^L^ 1 JL-jI JJ &. .(23_3) JS^tJl >j| <u~A; jl^lj JUUll 
. oULJl Jj*aJ Jjc^« jlfsM dilS I J>1 L« -UJL>d iibil i—iJ^J iilij J ijjwijjl <JUoj MPU 

Lx^J>ji\ iJUtfj tJiUll J»w ^ oUjLc« <<J5 oaI^S JJ MPU ^ya^**! (JLUJLj l^Jlj 
JliU.1 1— iJjj <5tfj ,ju <oUL» _^Ju ,Laji . i&Jb- '■jtej* J*«-Jl l«i* OlS" lij L« Jb-b^J 

. JLiLJLI JaiL»j 
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] 




4J*ijj <uJL>- 







j^l iJf! .Yl 



(22-3) JSLiJl 















i>i_i 








MPU 




iiLLl uuljj 




JiUIJLLi 


JikLl i^-l 




. ^ 


• ^ 


, ^ 


J« 


JLfcJ 


JL.j1 


ll*L*}JU* 


oUUI * 


oUUI 


^ 




* 















(23-3) J£JI 
JUUll i«uUa» JUL* 
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j»Jio «_;li; ojJJ of -j^? SkU- J^Jwi "^ . "UflJiL i»j}AJl SJdl djbj jL^jL-l i.jj^,^ 

OUiU-Vi iiL>- J^-JJ 4 cJj J5" ^ . (JjJJI a-j jjJl ,y> f-^ku-^U 4~~J Jl &-JI 
.ioJls^ 3j^>-Vl t^jJLpf vJUalJ "^ t Ap-Ij £^>Ua^il j!>U-j UUc- .o_)^»-Vl /«_-?• ^yv>J6 
< ^s£ vojOaJ.1 i^Jl S^iJl lW^ JiVl J^ ey> jl^- JS" ^yts^i OLw> J?-f -yj Uj**j 
lij . 4jjj j*« ji- oLsopiiJI ■j^ _^viS" cJUjpj ,_£»- tSj^/xu «jj-^j l^JLj^c iiU-l xkZ 
t_Jlk; Of -jSCr JlJjll^ t^l^l r->J>y> >* ^-J^JJ i>0 ^* £-^' *_SLaJl cJ.pl 0l£ 

. (*UiJU iiUwu-Vl ■yjy l-i*) . <> fJ^ (_£JJI cJjJlj jbc*~» JLiJJ jL^- _>& Of iJaJ- 

<_$f) SJbljX* Sjj-^aJ iSj^l (-/ASLbJl j>-y M c^Aku-'ill <iL>- JLiJ Of UUbj JJJi «_»j 

jj- f^UaX^VlJ tJildl S)f?-f (Jl i;l>^w<l tf>j ,Ja*JJ (V^ tiywJl p-JUil ic-j*> jf 

(J »j^- JUj *-£tlJ j'j-' (1 iji-JJI Oyf'jr*^ "■^ idalilb y r - ■ a' j <~«~Jl IJLA . i£ JL) ijAA^jj 

J SJU** 4*L>U* iJ^LjA v-Jku _^Vl d)l5 li| IjJ A-tiUJil Uijf -_/xr . i^jll i*l»Ul.l *^-vaj 

,j>-l , t ->»,., a .'j JiJI l_*£ »l (_5yuaJl «JUil flJii 

Interrupt ixbliU 

A-fj»-jil a_JsU1.I jiUi; J ,S*Ul2lL ^5liJl ^-^ t5j>-Vl ui'Ui^JLl ^-jjJLIail ^^ujl 
JiJl) jLs^l JUaJl Jas^ J^j«i»«j — i»J^I iwJLkJ S-pLLl Sj^-Vl Jb^b Interrupt-Driven 
MPU £_. Jj^y j^j u^l>Vl i»^ JajLl IJU* ^Jb .(24_3 JSjJl J ^ Jl Ji^f 
i^LL. iJU-l .AjJ^IaJJ JajL-l II* «_< JLiu jl$?- JS" J^ai . j»iC>«i)l JJU ■y »«i_j 
^>T "JJ^ ^y*! CS-^I Ja-sl-l t--*"— t ^* tf » JjjJlj V^l> V^ji Ir*^ • «— '^ Jl J^'jW 
isiJ J-Uaj Of ioJii-l wJLkj jLgj>- JSJ -jSCc LiJLUJ IfcJSj Ul*^Ja> Jj . i«Jli-l i^JLUJ 
J* i*i»Ull i^j (-jLi«Sj Of ciywaJl ^JL«il J* V^ .*«i»Wl J«>- J* o^* C^J^-^jf 

. Ifloh'oj Jai-I 

ti* ^-^ t jUaXsib . iJja>J.I oL5U Jl |^-i J *J>jj*j> inkUll *JAj (U^Laj 

Of -jSCc jU-ilTj .Lfr»o^ ^ [a^Cj (.^^Ldl oJ^JI J i»J?Ull Jji. of i5>saJl gJUil 
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(24-3) JSUJl 



Uj^p .id»UuU _£Sl j\ J_^ju J!>U -yi MPU aJLJ^ L'Ui; f^ku-Ml .-*£& 

.i«U»ll ^-^ £_i l^jUjf MPU 

.isjuJijW J?w (j fliSS' oil* oy£- 

0\ { £j<*ab\ n-)Util ,Jp <~^>^ ti^A» ijJslio Ja>- l jw»/i. (SjJaUll J^J jvi 1^^- 
>L »JI IJLA t5>-Vl oUlJlj £)Ua^Vl fl-Ai^-l •_,£{ .oJ»Ull j JUaf ^JUI jl^JLl jjji 

I JU .(25-3 J5UI jJaJl) . Jb-lj b\ j 4*i>lJL. jJU^J Of !_)f>-f S-JUJ jV/xr t Uj*p 
oJLa . 4-oii 0J9UII Ja>- Ji 3^f>-f SJIp Jr^»>i -^ Priorities oLJjf ja^ *_-£ t^-Jl 

LjJk, ^Jl i.JiL| *l^l j^l <-~>«J oJ^ jl^JU ofj cJLS i*i.Ull of ^jXiJ 
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JiCiJl JaJ\) iJaLall S^>-V (h±>\A\ JjL* JJjf) Interrupt Handling i-^WULl 

^e- ioJaUll «ui Qfijxj {^JJl cJjJl ^pij tj n_»^LIail i^^aJLJI o\j^& j*yi \~~>- . (26_3 

. Vectored Interrupt <t>-y> lA>\Ju> j^waa ^yivaJl rJUil 





MFU 1 1 

1 Tl^Iull 
iitlill-U^ 


Up 



(25.3) JSLiJl 



sI^jMI Xp . j^U^JI JLi; «_« Asynchronous l ylj^» j*p y> i^Ul! JjL* XJc3 

\1a .oL 1 Syi gJUll Jl iJsUlLi UU. jlS" ^JJl g-»U J Jl dili ^U-jJ ^^J ijjldl -_^ 

^J j~*i ■ <*&-\ V^* - 1 *! 5 ji^J **s~*J 's^i ^ ,JLaL f ■*& »J^-Vl <!)[» Jb-I_j <jf J ivaiLis 

.if>-jUL| 






ijjjj 4aJoUu 



iAUll 



(26-3) JSLJJI 
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.VrjUUl oLUiVl J^ j^ial lil <*,Uj t iJUI L~S^ i^, UU vJU* l^j _ 7 
i 1 *^ ^-M Uc» c-Ws% •/■ JJ J *Af*JJ Overhead J^JI J^ ^^ _ 2 

oU-Lw Jii>- J^f -yi iSUll Combinations oUsljJl «y^ -j^, ^J,ul! 
.o-l-yu^JI U.U1I i^l, Jl >JL Ui*. 4 LL* niUj ^^ . Sj 5|jJ| J ^Ll, 

t lil lill . 4*1>|JUD 0^ jf Ja^ <>• _£Sl i^waJl oUUil ^cwJ of jiUI -j, . j-I^Vlj 

J* tils' Pins dL,t o>.y M : o^l JL. L^lj J|>J| |Ju» J* ^i^Ll ^^^ 

IIA .i^ULl J»>A. {J ^H\ J*j ,^dl JiU _AS-r 1^ if jbjbcJ ^>^JI ^JUI 

oUSL- J/ uiS ^jL- .«lAJll iyvrH\ ^ iljLix; of iJ,Ul -U>^ J* ^ ....Jl 

ioj- iJS L^lk; ^l Sjf>-Vl ,jA«J ij^ **->^ <*ij-* tJ»Ull o^SCj" V of jSCc 

. r Vl 11^. jLai J^JI J*^ j^, 0^1 bo .iu^ ^Jut jajjt 
Sjj^II Jl Jj*J Jill e^UjJI jLu <UIS ivbli. i $ J k^S\ ^JUll ^ ^ 

(i--?- .UsAj i*lS JiJ SjJjO* CjUJUj" XJcii ol* viJUi Jju SjjjJl oJL* *yH .oJL.jJL-1 

iJU jj&lLl ^ jiS ^.a kz . ^ t U*j Sjj^ iJS Jii JJ JLia of oUJUJl ^ j^SO ^ji 

iyL. iJUiJ ^^ ^oaJ DMA ijJb- Jwcu-I . ip^^ .l^j ^ ^1 CRT iiLsJl 

. Hardware iij-Jl -U»j" SjLj ^L^>- Jp 

Direct Memory Access (DMA) ^Ul SjSliJI ^-^Jj 

•jP J-^ij (5>*aJl gJUll jLu ^L-9- lijJbfl ijtf y. ^Ul S^SIJUI j-jjj 
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.£-*UJU J2J u^l^ £->l~> y (DMACjf DMA ) ^lil 5/IJJl ^j JuU 
J w_^Li j iLuol u o^Lp JLij <JL*jp ,«*,? ( -*ij? J . *&j*» LjLiti /»Ji*u«j ^JJI (^jj*o jL$>- _j*j 
^?t ^ .(27_3) j£iJl J ^c-viji-' DMAC J** fjL* . ^ywJl gJUll J^b 
viUij gJUJU S^iU. i*l»la. J-jj Of (W*JjJ) I/O^UM Jbdl JtgJL. ^s DMAC 

. U> Hold Jii>- SjUl JL-jL 

5/iiJi ju js\j\ us yT jj&j i.^11 jii>j dmac ^sus <ju)i Sji^-i j 

. jOm jL^>- DMAC jjJu" . J»-N J^ai J 42-jj^* DMAC LL>* J-^Uj' . JLiJ.1 jL^j 
•j^j •_,* _£*f IfLoj* 0>£> jf ,_^sJaJl 4>» . tSy^\ ^J 1 ^- 1 4^" £-• lAJLJbu ^jU» t j£? 

. Jif c->L«io l^l*--" J-s^ cu«b U (_5ywaJl pJUll 




(27-3) JKill 



MPU JOJ 5p^. l^J 0j5i V ^Jl c/yU-l J DMAC J-jc-J jf ^ jUx^U 
jl^JL-l ju AyiUJljl oUiSUJ iJUf a-j^~- J^ DMAC >jUj .iJuUll «_* jj?- tiilS' 
^ . oLiLJI jf oUI^Vl Ji* JULJ.I S_^f 5JU J L-iy DMAC J**uJ . i/lJJlj 

J^**^ • cL'-^V'j ^^^ iJ ^ 1 ^W^JJ V-L-Vl .^LJU jAJl il^Jl ^^iJL 

. ijjJUail r\y^J\j JL>oVl o!iL$~-j" rtJ'J^J il*j«lJ.I iiliiJil i-fJjJl o_^j«-f dH\ 
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Input /Output Interface Circuits 

j-^ji j^ i/o (gvyij ju^i) i»bii yiji ^ £y\ a^; 0j _^ jlsj 

: i^wsJl gJULl iy]ii» «w« Jjlil e_^>-f *JiJj 

. i_jLJ_jX]I JjUj _ 1 

. *JjJbLl JJU, _ 2 
.jl«JUi fSUxll jsli, _ 3 

. oJ*u ii*p if ii; M Ijif ^f iJlii _^ s^f Ljju ^ tJjjdU i^UVl JilijJl 

. i^ji-^Jl gJULl JiljJ £_« isLdl s^-l J^y Jsf-J c*w JiJ 
C^** 1 " <jft*J f^" ■'^■^ *^L->»- (*-« fJ>c~Jj\ J^—J »}f>-f ^ iljJiiLl jJlij 
J* £** J* <^ jaj "-*•>" • ^ r^^" ^ ^^ l**^ t^'j VJ^ 1 ^J^ 1 JW 

Basic I/O Interface Chips 

uJJyJlj (UART) J^LtJl JbU v_iJyJl :islil ciJyl Otu-L-f 6b"lij J*^ 
^j Jl JSUsJl Jy»dl jrtij ^ «*>. i*^* ilU* dUi Jl 3U1 . (PIO) ^jljil 
.Analog JJLsJl S^-f J^ s^ U,f ^ Jili Jl ^JJ\j 

UART »aa.j 

^1 >" V JJiu-, / J**j> ,_£» ^Ua-^Vlj . iUdl JbJl i-iJy a Jo-j ^ UART 
■j-ljniUl UART ^JpVI > J .,tf ....... . ^Jlju ^jU Jl JLdl J^.|jj| J^ ^ . ft* 

/ J-O 11 ) ty'J^ 1 USRT J*^ J;^ • *l*-jsll Jl isii^l **rJI oli oLJLwJl J 

. iJUll ^Jl oli JL-j^U (j.UJl -yljdl J-ax-JLl 

Jl Jldl J^pd TjULI .^jljl Jl JbJl J^ ^ UART J v-L-Vl iLbjJl 
jUvsf «^lzS' i*Sj ajLiJ ^" UART JU-i JJ ,(28_3) J£Ji <j ^ ^jl^; 
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M-ij- 



cLJI. 



ouvi ri ri 




(28-3) J£JJI 



jj UART ^/t 0^1 <> jA • 1000100010010 (JU-tJl JJ u^Jl ^.) ^j 

. iJUsLl y» g-yLl I Iaj . 10001000 y>j Cj%*>j 8 iuJl 

ifLJl SjUl Jl ifU-l tiJ . J^jJI SjLSI UART jjbuw (^ OJUi liU jk^~. 
Is^p^o ijj+au iJlZ£~m (1) Jjf Of ja JliLl 1i* J JlSCiVl .(23_3) JSLiJl J iJLl 

Jjf -y> iJ_^— J oi-J**^ J%£ U^ ^* "-^ £-"*-* -^^ UyN~* yWaJl •yxJj -b-ljS - 
JjS ?JaJti Jv\j -y. VJL £-jUdl jliv»i &$S J^-y. <jf UART <JyL~- uXjS' JJUJL! . Jb-lj 

*£AJ J-J^ . iUo^Jf (»ji*) zyrj (Ssr^j* SyiJl v-is^i) Clock apLJI -yj SJb-lj I*aJ 
. Jj>-aJl SjLi[ J SJtAtll jlL^Vl JbJL yij **.LJl yi iJbx* oLaJ 

JU^!>U OyjUJ ^-XJ UART J f^b^l p-i fji .(28_3) J£Jl ,y> jLJl 
8 Jajljj <y=- ^Ul-Jl (J*Li ,Jp U^'j^L? y otjL^jj 8 -y iUf «_f«j>^j toULJlj ^pLJIj 

gjLd! oUL JiU -y) cj^Uj 8 J Jyij> SjLi?! UART JJB jUi ^-Siuj 
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■ <j?M jk^. ~»\-&* *k??M **L- ^ <^i Jls £> Ja^ Jl JldL LfrL-yj (^yujl 

. L^^y tf, i]_^ UART XJb-J JLy^lj f 5b-Vl p-J 

iiU JJ i^-Jj . ij-Li cJ*>- ^11 LSI jsiij Jjljl ^ ;j^ij UARTs ol j*-j cJlS" 
olj-« Oy^ail ,ya~ <JUJI . L5 V ipU^i ^ pJl SyjdLI UARTs olo^-j t_Jif j^i 

. t5>^ ^JU« Ji £-a ^ai^-j Of UARTs lJUV 

£}UI goLJl .Ia 1( *£>dU f~3j ^jaj |JL-* ^ ^Lit #^} UART «Jb-J 
^ ^jUuj (apUI I jjlj) Jb> Jp-Xi ( JLu- d f^Vl ^iy .(29-3) J5JtJl J i^. 
(i*Ul iJllj) o^j 8_, ^jljj Jy-j* JUjVl ^jy ^b-j .o^Uj 8 J ^jly 
^a^iwjj ^yu^ll gJUll -y. (vSC^dl oUjLw |»5^JI £ij£ jjbu-j . Jb" ^ ^JUuj 

<> .^-*%JI y> LiUl IxlP UART ^XB ^jly J] JljJl J^ U»* Jj «U1 
JUau-L. is^^aJl oULJl JL-jl -^ Ul ji>cSj uJijJlj *ljtjVl o^U»j Uf JkS 

. S& ^Jlb li| Parity ^Lill 

.«_iSjd] ,ji^9jjf i^j *IJil *iv»j ,>» o}b»j 8 Jl ji ^LiJl JL.j'tfl JjSLxju 
iL^jjf •Ijtj'ifl iUj, -y. Character Jy JXiJ J5 Uf UART J JUoVl ^ ^ 
UART v-ijsa; JL-jNl *b'fj JUJJ L^Jij . 8 Jl o%^Jl i^ JaJi Jm^j uiijJl 

. *>.jli-i OljU'jU i. jUall uii^xJlj el JS.^1 0^>U»J 
. h-^>^ai\ AjLj J. I oLiLJl ^ ,_yt>eXjL! p-L>bX-«j iJb»l iL^»_j ^k L-Ltll iLpj 

cjMvjj 7 Jl yj JJ (JUaij 5^-Liil iJUs^ iiUiVl iLo^JI ^Jb" ^-Uil SjUJ JLxu-Lj 
•t>J ^Ju" ^i> Sj^a» ibaj -yi t. a . t , < C II •yKJ.I -j*» lil . o!>bs>j 8 Jl J«J jUi ■j* p^J 
&J jA jla-bU joJI 015" lij . o^baj 7 Jl jaj J aU-Ml Jbj : Jj U y» i^-UIl fjL* 
^ <-iLaj" Of v_^i jJl ipUiJil iUay t Even ^^j^l a^UJ.1 ^Ik; J«jc«J -y>Jj ODD 
ij-Lill pUi; J n/Jj^-f <J-^j -<j^» v^' ^"J ^-r^ 1 i5-V^' i^Lill plli; J) .(1) 

li^j .ijj^^i ojj>vaj ^jsrjj y S Jb-1j <Jb>- J Jyr^ll iU-Vl jIOaI Pjaj* r-T^i LS^Jj^ 

i^-Liil i-jLtS' SjJIi «iUi -yi <_i-t^i JL.j'ill eb'f 8 Jl o^b»_Jl j* if SiJU«JL> Oj^Ju 

. 5JULI ^t)b>.! Xs- ^ULl 
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jvsiijujyi. 






^jljdlj^ljJI^Vl, 



-£*£}[ oJjUjj < 



IpLa" 



J-O- 



r^ 



TTX 



:£ UjijJb^V 1 



d^e!^ 






(29_3) J&Ul 
»Lif &X i~.L&i\ UART 5-b-jJ 

jSLill i_Jpf J*i V^ 1 • J* ^ ^P~J ■ ^-V*? iL ^^ 1 'U**^ i^LiJLl <jf uxiSo 
-uLiJLi txiS3l UT UART fOio-J . VL*i-l JtSVl l^i JL-j^I SjU L^ jJI 
iiyo UART J.I f^f «JUil jJU^i . ^JUil JJ ,y viJUJj piJ l^JI t_JJU lij U,|JU*ljf 
^-UL* /»ai«^ji jf UART J jZs .t_— b. j^ UART J>-h J ^L*- .*5^i J*^. 

Of j^r . cJ%*j 8j\ 7 » 6 1 5 ,>. uilb jf UART l^ J*Us ^Jl iJSOJ ^ 
j1jv» jf Jj-^>« (On) UJ jj£> ofij-Liil i_iiS3 (jSCc.v^jj jf ^y ij-Lill dj& 
5 Jl ji y^Jl J fJU» J**^~j) 1 j-jf 2 J < — i5_yx3l cj^U«_j o^5o of ^x . (Off) 

■vy j* iJlSGl Teletype Ji. aJUxLI !j4^IL JUl!>U L'-V UART J*xuJ 

.(^U Ja^ *_« J-^=>jj) QvB.s<a-JI rj^y" Modem jf Printer i>uLkJl j\ 

: The Intel 8251 USART (PCI) : Jii 

/ J.,^) USRT Uuf ,_,*, :UART jj£d Intel JJ j* 8 251 .Jb^Jl o-»-w 
•y«ljz* jL^>-_}T ^Ij^" M jL^*^ L»i J*»^x-J jf l^xx (_5j3^l »jLa;j . (J-*^ j^J~° o^-^" 
.lj*\yi\j JLyVl J*Li] (J-Li .ylja. Vj ^Ijk Jjfe- / J-.^.) USART ^Xj 
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riji ij^-j jLxol ^5UJ tJjIj-Vl J UARTsJ ^Jl ,iib L'JL. 8 251 U^-jJl jbu-f 
.(30_ 3) JSLiJl J j^Iij jl^JJ ,_yai>dl rrJa^Jl .i-> jA j-»'ji» 



oULJl JiU Buffer JjUJ aLojL* *■* >**r CJJJb- JJii *-j-^Jl L>-( ^yy . -^ioijJl *~Jj 



MPU B251 Jill jl^>- 




USART 




(O-UUI JjUl J.ljiJI) TxRDY -, 




*. (*jt=ii otyi rj&) 


0»l*- J_£iJl lJ^-I) RxRDY ~* 


TRANSMITTER 


+ («.ui) 

^ — <y tii ouui j>u.) 






RECEIVER 


-« — «Ul 






C-UU1 JiU JjU 




-— .... m 


RESET .— *■ 




CD »■ 






WR" m: 


J»UJI 






6HT *-C 


' 




L^o.fl'll rji>* JwUo 








ffi-* -c 






if 

cs 


Olj ,aS«ll CLK TTI Clock Pulse 


C/D Control or Data 


RO Read Data (Command) 


WR Wrile Dalo or Control (Command) 


DSR Data Sal Ready 


OTR Dalo Terminal Ready 


CT5 CI nor Pa Send Dola 


RTS Request to Send Dafa 


TxRDY Transmitter Ready 


TxE Transmitter Empty 


RxRDY Receiver Ready 


TxD Transmitter Data 


TxC Trantmllter Clock 


RnO Receiver Dafa 


R*C Receiver Clock 


SrNDET Sync. Defect/Break Detect 



(30.3) JXJI 
Intel8251 S-i*-^ Usart j^lj^llj JU-j)ll <>LJ 
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.Syndet ja\j$\ Jai J JLxu-^U ■yilj; Ja^ j^ji Jjii Jl iiUI .ic-LJl SjLilj oLUl 

.TXD _^ Jldl ^liLlj RXD y. Jldl J*|jJ| 

i jJili\ Ji-f J if>-^l (5ilijJl jU>-l) CS SjLil iLu*l^ 8 251 jU>.| ^^ 
Jl J-ji ^ i£>-*Jl £~!L*JJ -jSLc . jl^Ll jLx>-l ^ (1) t CS j^al ^ .(30_3) 
Jj 1 * Jb u" y'j^ 1 ••** V^"-^ 'j 51 . (3 1 _ 3) J5LiJl j iJJ i^L-f yl_,f huj jl^Ll 
. lf*£^ j^«J J ~Si£ k<JS l_j^; jf l^i-tj \j2j ^\ <^-"IjLJI JiLi 



CTE 


SB 


wB 


3 


oUuJI 








i 





8251 lo Dala Bus (Read) 





l 








Dala Bui lo 8251 (Wills) 


1 





1 





Status la Oala Bui 


1 


1 








Dala Bus 10 Control 


- 


- 


- 


1 


Doto Bus to 3-Stats 



(31-3) JSUSJI 
Usart j-ljl 



J**=~; c Jill II* J .j.lji.M 825 1 .LoJ ^iy jJaljJ- (32_3) JSLUI J 
J* objl« o^j-^J Keyboard ^-jLiLl i^J -^ .Jl^u oU^Lw 5*1^ UART 
jl^ ^w. ^,Li goy ^a JSLiJl J j^u ^jj| jyil JL,_,VI o-L>-j jjy. . JLiLiJl 
^ IkJl J) . JL-jI lis~j 11 y, U^JU Jai ^^i , JLuj^U ^.Ldi ^Ul oUJ 
1 Jl iLULl JL-jI oO>-j 1 1 iPj-Jl . iJUJl j 5 jo-Ij aJL^j JUj^I ijb-, HjSj JLJJI 

•(***■! a* V* 5 ^! v-LiJl iPj^Jl ^ iJUJl J UXi; .j,^ 

•j* HL-jI SJp-j jLx^I ^ ^Jl j^ll JUjVI SJb-, jj^c i^jf CRT UyJ, UJ>\ 

.JUjI SJa^j 19200 Jljf 9600 J} 110 

oVUaJ^J Ovwdl ^jjj- £_. S^U J^p •j^ljJI Jar J USART Ju^^J Uj^ 
<j 8 2 5 1 »o>-j J*jJ . jrJws k-j^-U- Jio j^l ljj— U- £_* la?- jiuj^-u oUL Ja>. Jp 
.^Ij; V Jai J JL-jI 5a>-_5 9.6K ^ fcjULl JUjI sj^, 56K J^ Jl ^IjJl JaJl 
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j£s . iJLdl i}^r% JUj^U v-L-f LJJy ii\SjS UART JUx^J jUa^-VL 

. <Ue~ iJts* oUL JL-jJ i^s if -.ijLi.^V MPU iL-ljj l^^j 

. j^ll Igtf.^-.... . PIO ^ (OJydJ i^UVl V& 1 oljjll 




(32-3) JSLUI 
t y r i J *Jl Usart jJaJ 



THE PIO £}ljSU jiHI 

^rU-^lj Jl^oilli yiijjf «c?jl>JL jrLr^V'j J^Y 1 " ^f m -> ii~ PI ° 
oULJ^fjf Cj%*>j 8 J r-'j^Jj cJts^il <~*Jy f^ c?^! ^^ J^^* PIO • «*?j?M 
oL-Ls J^^l Jp JLaj tio 1 . S*L*aJlj <JU>euJ ^t^ j^ PIO «JLk*all) . i>jlji« 
JL^sLI IJU vJ^aj t *JL^ll v*- 5 ^ ^-^ -UARTs J JU-Ija \£ 1}$>H\ oJU, iplu* 
J .(il^Lj) PIO j (Jy iJjj) PDC (Jjtif) PPI (Vjjj^) PI A js- iitat ^J .ju, 
. (5^-Vl ^ jyJl IJL» >d PIO £Aks^l J>xl^w. <->l^)l I JL» 

i-JkL. (iytvaJl gJUil oUL J5U Jl rjj^^j JUo!)U o)f>-i J-^-p J^-f !>• 
JS^j . JiUI jo oUUl oljLll JyJ ^ cLUiS" . oUUl ^jJwJI ^=JUil f^b ^>- 

— |_^Vl 5j^-V ^y&i iiyJa Sjii! i>-jliU CjUjIaLI «JU*>«i))) y-lj^!>U C~iLI J*J«i«J 4jLi« 
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500 ja JiV L>-J>c «_La; 8080 Jl JiU Jp izyrjA oliUl ^&,i .l^g .\J c,, *j of 

ju»yi obji, ji au\ . uu-s-v jrjj^yij ju^ 1 l j%^ ^^ J& v i*Ji y^ 

([<t>«5U<albl) JLsiSjVI «-lj?~i />JL>«Z«-J Cj&>**~S\ j\ Cjbuill "Liwij j»j3 of '— »>«-* 7-1 j^Vlj 
Jjlp Cj\jj& it-\ji JJ f-»jju Of ^ywaJl ^JUil Jp t_^i .[oUjLdl dsL" ^f] 
<*1»U» JL._>[ v£-?f V^J ^ey ^'-M V^r L"i> . iJ-U* ^ J>*~Jl olji* of <Jl>oVl 
^Ij^Vl JjU dlS ISI U JbJLxJ Vu^jJl iUy < r ik J * «iUj> ^-SUy . ^ywaJl ^JUi! JJ 

Lf^lkx-il) ol5" lij U OjJL>d oJL* Vw»j>Jl 5JU»j jju^ail nJUll J*j«i~j . IpjlijfUJr 
rlj^-^l »>p-f jL>>Y (ij^f V«-^J o^L^j «_JJaJ of Lif j&r .aJLJI idSo"! r'j^l 

. PIO Jjlp oLyat JLxu-I ^Jai-J cJl* lil U 

i»jja>- 4jUill . i*Js>liw iikiaj <Lvs>»j vIjMmS'j SJLpj Jj-Ij r\j>-[ J»t~>>J J&-\j Jl>ol 
i_j?-Jj_»JI oLiJajJI v_. I Va 7T . p-l^-Vlj jL»oVl oliJaJ «_JLp-V ,Ji$3 ^ iiLuJJ 
SjAa i_iJjj Jsu^ ^Util jjpj \Jam> j*S\ £-~a~* . JiVl J* iilill j* Ja>- 24 jf 16 
oUll ^l/'VJ <_iJ>Jl 4itf> Jc v_jt viUJU . o^.j 8 _. \^y J£l o}U>j 8 i«~»j 
U-h J-*>/ j- ^JJLl, PORT tijlljf CHANNAL JLiJl .^VLi SOp fjffi of 
olyA. £jJJ Of PIO Jp o~Vl v_^ .£>■* jf J^lJtf M J**^J Of -jS^ ^Jl o^Uj 8 
li/JJj^ • Vr-J 1 ^ *Jly #**jf 0^ til li>* aJl £-JW <^L. JiU iyu J^j 

. XUx<J>j oU^*cj (<ljU 0"5V>«^i jf) J jU J>^-; 

iJlill S^JJ ^OJ j^j g-lj^yij JUoNI ^ Jl^ ^ -_/X? L. JS\ ±#£ ^ ujpJlI -yi 
O* ^ jt& cfc V V^ 1 ,iA • (ts^iVl JbLl -j- 40) Ob-Vl ^Jipy. J^JI JbJbdl of 
.o*>L^j 8 luj ijlydl iiLuJU 4j^AJ/ -jiti^ L»l S_^>-Vl j£\ ^XK .ejl^. SJ%* 

PIO 0* ^-L-Vl J>JI .^-LJiJl PIO jV^sU ij-L-Vl ^LJI o'Vl IV -^ 
PIO of y> q1 J* l*U e~*w jJl iiUp^lj ^.Lill oU_^ll SiJbd.1 oliJyJIj 

: J 5 ^" J* u&ij* 3 . p IO p-'j^" • £-0-» 

Ja>. j-bi of ^>sJl gJUJJ -^C tk. . fi^. JSCJ i^Jl ^ ^i^Jl UlaO. UJij _ 1 
"" " 

o 5 ^ • «*J»J M^J J**^-i ^f v^r tS-*Jl oUVlj 4>JLail U^c J J^jcuJ JLidl 
5jUl cJlf lij l^ij SxiiUll jjS JI4JLI SjLil ^15" lil (.J ^Jbi of U,f ^^D 
Jp Jn*x>u . i_JL* jkx* jf i-jv-j^ jkL* J**x«J jf lJ -«^ oIj^Uw* jJy JL4JL-I 

.PIO J>-b J 4~-LJll (v^^lJl , >U t w» aJ^jCj oUvS-ljiloJU 
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lij* J* (OUL Jajaa^ ic-j^jZj]-) oUL Ja>- J5 .«i^j^» oUL J»Ja>. PIO J _ 2 
<Jl>ol JaitS' «-L?-jJ Ja>- J_5" j^ju d)f ,j5^ iSy^ 'J^-^iJ t ol^VL; p^-tj^jA 
pi ^UaJl J ^ly-iS" Js-Ja-W £_**■ ify -/U.I -y. PIO JUxU-L. .r\j±\j\ 
L^JI ■»■<>, ./2.1 i^Jj ^A o^J.1 aJLa jl «_« .^^JiJl ■Xxj JL>ol£ JsjJaiLl /u-uS^ <Jl»j«X~»! 

•_/xr ii^o t^JljJl J i.Ul ^IjpbU *-aJjj" jl^>- PIO -y J«u£ L^ t^aJUdl 

Jl>O^I Js»_jJa>- ^« iJuljj iif J-^jp ,j£*i' <>• • V's 5 " ^^ J^ J J-*-*^ <1>T 

j^jft ^Li ^>** gJlw ^li £&r .PIO ja APj-^jt LfSli PIO Jl £J>Yl» 
j>cJJ . 7-_^JUI jwu OjJb A-*-Li Jii« oj^>-r 5ji x_« LfJL* <-jiI_jj of **-— 'LJ PIOs _• 

. mu^UjJLi iijllail oljJidl 

Jb-lj J£J) Oby PIO Jl IJU .(33.3) J5^JI J PIO J U>-IjJI USUI jju" 

; cjM*~, <J}& j^f Uyi JS" if (3 3 _ 3) JS^SJI Ohi • £^>l »r"-^ 
J*^- ,>• J^ Jp £jUMj JsMJdl oUUl J»*Jl IJLa £_*£ . oUUl Jjlp J*^, _ 1 



. l Lijli 

I/O 



i3L 



iai j><»-t j| 

JHL 



i-p 



it 




«>JI JiU 



oliUI JiU 



(JiJIJiU 



(33.3) JSLtJI 

pio ^jijdi ii*u u#-ijji ysy>i 
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JaiLl t J^J| 111 JUjJI v^j J (1)jf (A0> hj£i\ M 1 *-* :-^' <>— - 2 
.pjli-l bl« Jb-ljJi jJbtj J^UJl :jIp (0) >sa1I __4 .jrjl^jif J^l-* Jjlall 
jUi *_y >«_. gjlilj Jb-l^ J^l-Ul iju. . L> .J^Jl II* jj-i *Jf jfl+l ^ 
*_u *Lif i.MJl oljL^V iJyJl li* s-r- ^ • Cr^ iUjCiw ' "^b j**"- 1 * 
jj^tf Of -j£c .yL_Jl Jl 5iU o^UJl olya* ^ jLu flkJl la- 1,^- . J*JI 

ijLSl if Jjy j5Cf bj"~^ ^Vl oLi ^JUJJ .^jULl (ILJI ^ i*AS SETTING 
J_1 J-i-idl *JU *l-f J^l-S" J_*i _».>_iU oJL* . AiJLl _»^_- «> iJUi Sj^a. SjJa>- 

^>_J1 gJUll o* s J jLa)l f^ 1 ^^ J^ 1 ^ -# : r S^" J*— - 3 
jl y^A i_>l_.l eJl^ lil U bj* JSCI jJ14 of (jywaJl gJUJU -_^c .fi^JJ 

ia-^j jf (j^"^ 1 J* i>*i ^ • kj^ l s^ !iu -^y -' v^ p 5 ^ 'J^l *iL> J-^ 
.Ujlijf UjJ' -jULJI Jjl* dj£> \,~?- p-S^-xJl J*— Js-J-b J Leu- i_<LLl iLtf^Jl 
-JU1I jjp ojjLJI _/VI ids' ,>• J& Ojil Lfiy li* ,*£>_JI J**«. yy. 

ijwsjJl oUjLw t_.Ua.tf jl l j£c .jl^-l j* S-pL-Jl i*v»jl CjUJjwj ^yu_Jl 

.(joU^jjl SJ>-lj 4jUoj 

>t joii_i : c j\_LtjJ [|J»_JI _>-__» J^*X_u _--?- ij^P e^f ojjSUll SjL*JI j-Uj LjCj 

. «_JL5 y>\ lift iiy._>- jV . v__U_» ^ju liU _^_i_ Leo 

iX_»j _j>-Ij jL-^-l i5j£ .b\j^*l\ ,jJiJ *i _V J>«-Jl (j^** Jl uiJ**^' j^ J^ t^-ri 

. i_S_l iJU>u jlillj Sdjill 

ir-U- _jO*__j jf 1> S^ ipj*>il Ji jl«+l J^-Ij J J>-b jlj_s JS" -ijvi: ._->- 
i]jL_J jf Ji^-jll oUiVl cli o!>U_iJ •jSCr .^'b jjjLJI ^Ap JJUJ tiiM jL_V 

.iu'LUI _hjL*JIj 

AxjjI PIO iwlla^j t k- w-a ^jo./jf JL_L_uLj . .Iv,...^ I_C <J_3j| oJLa «_sc3jj L*J 

jf _£r) Jb_Jl jU^M jLu-fj (jL^^I J>_>.) RS ■yi jcil (o^U_») U^b ^L* 
jL_f iftU i_j!>U_» iJUijf fc- _k» PIO i_JUatf . ( 2 2 = 4 jJLp Ijj^j jLL^j ^a>i 

.RS 
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jf t £ J kJi\ ^JUll Jp ^ PIO JUuJ JJ . PIO J^c-J <JlS oVl j^u- 

jwbij I^>JI o^U— LOAD t^. of tiji^aJl «JUll Jp i^-rf. : JasLl JbOa£ _ 1 
<(r iU«Jl oljUil 4J J*>ujf <>>Uaj i^JJl MODE luLl 

oUiVl oik- '^-i <jf i5>va)I gjUi Jp ^ iJlsJl y^Jll J : JdM ol^l _jjf _ 2 
■ ^L^b <JL>-^ * Jljll Js-jlas 1 m-«— I Jsr-f -yi jjtijJU Direction Register 

. ^JLjc-iI iiu?- jjSU-i <U-Uo fi^^U 



»UVI 



IRQA- 



00D7<^ 



MPU 






cso- 

CSI- 
CS2- 



j*«r rso - 

J**-" 1 RSI - 

R/W- 

EN- 



<aMa* ^-> 



JijMMju 



(CRA) i. 



JSUJjU 
olUI 




(CRB) 



^w^Jl 4»J»tt» I 



CAI 



CAS 



"\ 



CB2 



(34-3) J&tll 
6 8 20 VjjyJ. PIA !Jb-j 
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jJl MOV i»-Lu Jiu i«>-jji J2J cjUJj»j" Ha**\y Ji; iJu* jl>J[ i±Ui jl*j -jiCc 

JLjC~,L> .^\j>-\j Jl^ol oLJLu" jU>-Vl ^^y J y^' tilUS .808 SJb-^U vL*A*jj 

Oj£. of jLxpI J* t PIO Jlj MPU ju oUUl -y. 11*. J* -^ toUJUdl a Ju Ji, 
. (<L-ldl PIO io^j ^J jL=s^Ij IJL* jtfb.) IjaU- PIO J^, 

. irkr* *^j UjL^-l &j£ PIO J aJUMjJI c/>U~Jl of i-AjS" oVl ^^J 

.oULJl JiU Je jXJj ,£ywi!l TtJUiII ikJjj rtjjiil oUUl «_^ Sib J gU; 
^ij ol Jj oULJl JiUj MPU Jp PIO J^, J Lu of ^Jt ^Jl oUUl ^y-sHJoJ 
JaVl J* ^ .iy*Jl JiU J* olyp r .ofcj J^JI jLi^I j>^ . (RS) J>~, jL^I j^ 
o5t>*JI -^ Jif _,f <JUi PIO sj^-jJ jf ui^j^ (CS) Slij jU>.M u^ij iJL^j ^ jtaj 
o^U-Jl j- l-A^lj _,Lx^N iiyjJl JiU -y. Js-jJa*. a^J JLxU ._*£ ^ iJU-ljJl 
4^ J* j^^ cr*" 1 ^^J ^ otiLSCi; 8 Js^. «%' jjuaj- . (Rs J*jJa>-) 

.i£Jl iJUiJl o^U-Jl 

<~-bil iLSCidl £_J> y iJWjJl PIO o5U«. ^ \a>-\ 3 ^y^A\ «JUI jb£ dUJU 
J* tf^JI cj^U-JI -^ j^-Ij J! Jid oUL o^L^j, aJU si ^ ^j <jyjj| jju jp 
Jl iJLill o^jJl oUb ■u.-ji PIO J (MUX) JsMj oljj/i gjS* pi .oUUl JiU 
■^Cj JU^-'AJ S-^U- PIO jc^j; iJU-lJdl JL-Uil o^UJl oU lij >v ^hil J^Jl 
oUb JjU s*ly J^f ^a <.£j^\ gJUilj oUUl Jjljp Ox <i.r^ J^ of oULJU 
oUUl J> J>«, jL^V i^tJJ (RS) o!>U~]l ^^ll ^f ^^Ji gjuj ^ 
(W) SjLii .U _^i iUS^I U^ ilU Jj . (♦SUJI JiU Jp i.1^ y>\ jb-lj ol J jJirfj 

J*~ ^k^ 1 f >" PI o 6^ v^jJ' ! *ij» th-f o* ■ r 5 ^ 1 J* u <> (R) sji^l cy ^ 

JL^l jJd ^^.y. yh lU-VIj ,^>dU l^U^ ^ ^f PIO fc^ Xs. jbdl -^ 

Lif ij-.L.Vl PIO Uly ^J^J . I^>- Ja_o jl^j. L^J 5Jiw jJLJ PIO of ja pfijl 

•W a 5 ^ **f t^ iV-^f ^» ifjJl Jo jUjJrl IJl* SjOi of ii^L-l J .if^JJ iLU 
ImI -uL PIOs Sjjj jlij; of JjiUl J J^UI -^ . ai*. j( ^b' OjJb -^jj jL^Vl 
AM; ^f ^.fjJl ^^^Jl oUUjjh LSI jjk; p^i. of Us-'i/ 0i^- .J^f ^ vJllli^ 
l*Ji ^J! V 1 ^ -^Ur^? JA-II J PIO ola>-j j<4>^, . sj^-Ij Ai\ij J jijf ^jjUij 
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THE MOTOROLA 6820 PIA PIO -y> (1) Jill 
J5^JI J >U .PIO jl^JL MOTOROLA ^-ly (oLk^JLl ujSJjI .Llj) PIA 
«PIO» USL» Jl UjIIm LiJU. ^ .MOTOROLA 6820 J U^lJllI U5U.I (34 _ 3)- 
CjIj Hj->-b JUoj *JLr? •>«£ PIA oJU*-j . (3 3_3) JSwII j tJ.1 i^-ij^Jl 

oJL>-jJl .rjl^-l (1) -X=— 1_jJl iJbij CjULJI «Ul J>~- j A0 i»JiJl J>-IJlJl iJ^ 
CB2j CBlj A UjJLI CA2 j CA1 .^[j\ Jl^il \iy. J£! ^ J»i«j 5j^ 6820 
J?M a£ UJ iJUii-* Sjj-a £-*j?i of fi^ JS" J* Jlill *^>«-Jl Jai- •_,&: . B fijJLl 
. k*JLJ» SjLilS' iJliJlj QftU-) SjUlS" i-^kjLl Jb-f J»>c^j jf -jS^c !5\L»i .£_,U«£jf 
5^* Uif ,y> PIA . LSUb iJaU* JyJ £_*jJ of (>*lr) •J^V O 5 ^ ^ Jl ^^V^ 

.liy. J53 Jb-lj IRQBj IRQA U" <*J»Uil ^Jlk) Oi^ 
Vjjy^Ji Aji* Juki. JsUU U ^Jl INTEL 8080 jf MOTOROLA 6800 o^Aio 

if 

I-La*j JS\ »UaJ Jj .Bj A A*i>Ull ^Ja>- {j* J5 SiU .i^all i £yusi}\ pJUll ixtU* Jap^ 
. (PIC) <^U- i^jf islij Jp Jvai^ IA>\1» J>--U *_• PIA J 4*J»Ull v_JU» Js>jla>- ,y 

oljLiM! jL^^j* J..,..;,..,.,; . i>w*lj 6 820 Sjl>-jJI Jp jL-Vl iiJij o^So of «--£ 
.^-.bdl J^JI jL^lj aiijH jL^I f lJ>i-V RS0,RS1 j CS0,CSI,CS2 JUill J* 
jLtoM oU-f ■>- JtS"f jf <j"# 6 800 iL'U oLy5U v_ipV .^jjjjj* *i~ls JjUj p>#ill IJL* 
Ljj j£s <±~?- iJ^jJI oV JU.C-V i»-U-l IIa ^^JLi t SjJ<-tfJl oUjJidl J .aiijl 
«^ ii^-_, .J6\ 0Lu-f oL^Cll tJLkS dUi *_<y .iiy^Jl JiU ^_* JJlij oUJ ijUJl 

. oL-Vl iJLp JJL2J 

jJaJI Jj^-j (.JlP Jl tl yi^Vl ,> t6820 J>«-Jl jLtf-l Jai»ii olj-. ^J>-l iyo 
6 8 2 Uj*pj . RSI j RS0 J**JI jL^-^f uyjLi! J^^j^ jW+' J <J L ^-^ J J*^ 1 
o^>-Jl ^ lJb-lj jbii Of RS ^y OyjUV 1 a 5 ^? '-^ ■ ^ b °^>- ^ s i*^ 
^ «Jla . buj J>-f y -i^lj J?«-J ^jjL^ jW^ 1 Oyj^V J^Z ^ ^J>\ji\ ^* ?ai-JI 

. U i!U-l Ja-AJl 
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J (AO) i»-iJl jba* . (*£>dl J?w J>-l:> *L*jj l t s'^U->. Oh jt^Nl ^.tiyj* il^iJL. 
. oLk^J.1 t-jLJy Jjj»-. Jb-ljJl jb^j DDR SJb-jJl *£>«JI J>«-J (2) iU»jJl /w 1 ^ 
t^wjj Vsr "-^l i£^ IcV^" L?f ojkdl ji^ 1,^- .»>*•£ ilU— I «JL* p~~l\ ^yu 
jjji ^ lUUjJ . oliLJl c\d\ J»*~» jL^I iJl ojj^au ^j^-j lyt*» *£>«JI J>w. oLy^i 
■\5^c dJUi .«_ »j . «_j>«*« IJLa . »jLi>-l _^7 1 (^JJl oUooJll i — oJI^JT J>*—> Jp iol5 JjLil 
lJJjJ o5U«.j DDR JJ ^JjJl t^-sr^" lij . if ^Jl oU^l Jl :>>£. pUiJl IJu ot ^l^^l 
^-Ipjl j*j OyrjV uii jj*^ 01 *5ovJl J*"-" oLy^ Jp >-;-*«-* n^JUJl J* oLkcsJil 

jU«-^l Oyv JUj; V of v_j£j JLiu jl^- ^j iy 6820 n*.jJli 4 <jLlu J&l 

. l^!)l>-. J} £jJ_j"l -kJxii v^j,* it_j* 
6 8 20 SJb-jJl Oh A>«iUai1 *JLp flJ^u-^ iijlkll oljLiVl jftk^o. t L,„; Ji*Sj 

J jU* >* ^j^Jl JaiysJl «tsjli of <>>^- . (PTR) ^j^Jl Lj^sJI ^jU Jbifi - jlfj-lj 
of Vjf t-£ j>$3 . PTR ^ olJLJl ^ *»!>■ »«lj» Aiji i5ywJI gJULli . cJ%#j 8 4a~o 
JjUIb J~*>>J CA1 J^jcu-j Of ,j£c . V (.f U-U ^ PTR ol^at cJlS' li| U jfco 
ij*Us-» SjLil jt ^ .(35_3) JS^JI >JI PIA Jl PTR y ij*UL|, SjLi|jf |(IJ U| 
Jp ijy^l lkULJU . J**i«J of jSCxj S-U>- ^ PTR Jjlp oLyrf- of U^Lv. o_ySL-i 
KjtlvJD Sjl— £J jt-fi-l Jl -l— «u Ic-J J^— j-I -Lr* of iiJ-Ji j_*j l ^£ A LijJll 
di_^r iJjLjJI diLw pj_» J—iJ)) jLfA-l ZjL-JiV! oJL* j-3. «acnowledge» 
«DATA iioUUl jjLJ-t JjLil ^hs Sj-^Vl vJ^f 01* cUUi Jl iiUj .uOuri 
V ^iijl i^JUl cJ^JI J JjIp J cu^S" Ji oUUI of uiJ^Jl *iljjf OVERRUN» 

. oLf IjJl J SjU -up lJJ^j tk?i- I jla . icaiJl oljy^Jll 
oUL JiU Jl Bjf A tijll J* oUUI J,^J oly&JLI f>- ^ iJl 5j^^ 
uw ^Jl Ua~*il ol^l, CB2 Jl CA2 Jp J-ji of ,JLJ SjLi^l -^S^j ^_^l gJUll 

. jl^Vl JJ ^ U\j2}\ iJUp of 

JOu ^ Ouliu j^fJ.1 JjUJl Ji* jV-Vi jL«Jr ,«--« J^I>JI XPjj iJjJJLl IfeJtJj 

^yt^" Of PIA Jj^ k_-^ . oU^Ldl -d J^,^; of JJ jl^L-l >-jj^i»j of PIA Jp k.^.J 

9 

B^aU-J) ijLil ^hj cJjJl IJLA j .AJLstfl oLUo a^V" Jj* Ipjl* jU4-' <Jj^ OlS" I3| 

.Ucj^^Jl jJ-\ JjSCtdb ^ilJUl JJl£c i^jUja i^J JU-iVl JjU jLgJL-1 -^ i.jL2Jl 

• oLk>J.I Jl *JLJI ilil J^ y , of villi ju, ^^wJl ^JUJJ ^ 
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oUUI J*U 








(i 






^ 


t 






► 




^r 






mpu 




CAI 
CAJ 

CB2 
PIA 




'lift 




"* f£i r 


^^-oUUI— 


i JjMI 












t 


1 




iiji,. 








J* u 


J> 


L 


1 I^IJili 


~77T77> 













(35.3) J£JI 
Jj^Jl Jaj^Jl .jjjls £_* PIA J^jJ 



. I la..,..; U>L«jC^iI ^c-wxJ t&**>*~0 «Jj-<^ PIA vlJLoj IS] 

.(36_3) J^iJI ^1 ij-Ull oL^JL A tijJU ^j^xll J*u- Lu _ 1 

Ati^il 00000000 J£-iu" ^i. . (37_3) JiCJl ^JiJl oULJI »l?i| J^~. Lo _ 2 
,^1^1 i^JapL iJUiS 4Jli Cijll 11111111 JS^Ijj JUol Js.^ iJUiS" 

»i^dl J^w. ( y> JpVI -, aJl) U 4t*Jb . JU^^U y»l>- _,>_> A UJ.I OVl J&iJ _ 3 

,(38_3) JiCiJl jliJi) jl^J-l L*J>jl 

.(39_3 J5CJLJI ^1) jl^JLl <y MPU JJ -^ oUUI \yS _ 4 

PIO jlf>- PIA ^ li^^-Li . JiJbt UjJb 4j 3 ol^ki-l 5*1*1 uVl ^s 

.PIO J Oil ^ o^l Jte~> .(8080 (»lk; J J**i~> jl j&j) ^iji 

PIO Example 2:The Intel 8255 PPI PIO •/> (2) Jill 

J£JI) Intel £kJl -^ PIO j, JO.^4* . if^JJ iLUJl oLk^l uiJy ^C PPI 
#%' Jl 5jU htf ±>jU-\ .I* .-^Ij^V'-J J^^ -^ 24 -i j** J 1 ^ 1 ••** .(40-3 
•_£J tJpjJai-l JOP S^S" u—w PIA j, tfjif jlfJL-l IJU jJy Of ilaJl J J& .>j\y> 
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UtUll 
IRQA - 



oUUI JiU 
D0D7< 



MPU 




Sjc* jl^Jt- 



CAi 



CB2 



(36.3) JSUJI 



J* Js-jJaj^ iiyjf Jl«jC-J Of JiVl J* V*"^ *Jl>* *^-i "j¥r *Jj>^l °^* jf /»-• 

.JiUl 

o^U-l <_JLel J iJaxuJ c-«bU 1^ UwJ ^-J II* .PPI <>jy> -y. ,_^«r IJL* 

..Mil iftb ^jJ Ol PPIJ j^| 



■^J^'j' J^' iJjSy ^J^- *~jf j" **>•■* J& (0) Ja*Jl 
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d*j JaiJ. ./tot 1 2 Jl ls,y^. ^ £jL*Sjf J^-IJLS JpjJa^ ijLw' (1) Ja*Jl £_^_ _ 2 

. (^Udl ^i'ltp oojVl J»>uL| ^Ji 

Jo^toi W-j, OUUJ JspjJa*- SJUyjS .Igyijil •Ui'Vl JjU» Ja^ 2 Ja*J| ^ J^ _ 3 

.aajUaJL! 



IRQA- 



oliUI JiU 

M07< 



U.ULI 



(CRA) ,, 



MPU 



] 




> aU, 



jUi« jl+»- 



> Blv 



(37.3) JSill 
oUUl .Ui| Jjjw. S^s PIA 

JS^iJl J c^ oljUWl oLJaljj .4_oLx*Vl aJU-I J U^lJiil Si^JI j^ 

j AO j^-ill |.^c~J .Ajjt^-I LjiL jl^i-l ^Ji ^1 JEJUNI jl^-l 5jUI (j* CS .(41_3) 

. PPI Cj^>— yj Jl iJ^UjLw JiJ ilx£Jlj it-\jii\ l?jla>- *_a <^»l^ Al 

J .8255 J vrij^JI oUJdl -_r° (My (43_3)_j (42_3) ojKjJl J jJLj 
.^■I^^J B tiJLI J^xlwj yL** JauJl J i^ 4 8255 5 J^l jJLJ (42„3) j£jJl Jpf 
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J^c^jj <J%s>s 8 Jl ^i ^jjJI LijJtJl ^jli JUal^J jl^Ll -^ JpVI i i-A-Jl J**^. 



> ,a-^x> 



.PIO J A J^U f^j (42-3) JdJl J* R()-R7_£ i~. ^yj| _k,ytJ| ^tf 



«tui 

IRQA-*- 



KliUI Jili 
D0D7< 



MPU 



jL^-l 

siijii ' 



UtUll 



(CRA) ■ 



J 



CAI 



Jl*i* jlf^- 




C82 



(38-3) JSUJI 

r^l \jS PIA 



.PIO J PC6 Ja^-I jjp J-,jj ^Jl Go j Stop U* j^f ^1 .k^Jl .^M Jjb 
aJULI f^J ^ . iJjXA Byte £UU Of OvJ ^j^l J^iJl 6cfij li ^ ;U^J| SjLij ^j^ 
*i5jUJ j£x ^>o PIO J PC5 i^U j* l j J i^S\ gJUll ikJ_^ ACK & &£x J^J 
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MPU 



IRQB -*- 




V^s 



Hi* jl^ 



>Bl»y 



CBS 



(39-3) jSLtJl 
Jse-UJl \jB PIA 

^jjJl Jajj-iJI *(ijl* l&i f>«i jJi <IU-I ^f «jjl>*dlii <_^*a! SjUiVl oJLft v-JLLj 

. Handshaking i>JUjll *\y~j jli ro>^ c** S^ 1 &~J\ JUaJ^I Protocol 

. (PTR 3jaU- £La ^ J) : (PIO Jl) STB 

.(tl*. f>" MPU ) .(PIO J1)READ 
. (-JL, ^JUI Jbc . MPU e-^f oa) . dU l>J)) : (PTR Jl) ACK 
aJUS Jjy sensors oL^f <i"5>& S^f (42 _ 3) JSLiJI J-L.f J <-JlI icSUl oljif 
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olJUl Jili 



<^m) 



rTS 
wr 

Al 
AO 

&2T SiUJ ' 



Jjl* 

ol;UI 



Vai 



itSII. 




V"V( 



Atijll 

i^>j 8) 



J*"* flail 



ls=> 



/* >V (o!)Uj 4) C (ijll 



^^ 



Btijll 
(o!)L»j 8) 



CS 



(40.3) JSLiJl 
Intel j* PPI SJb-j 





C5 


Al 


AO 


RD 


ws 


oLUJI 












i 



1 








1 
1 
1 


PORT A TO DATA BUS "| •* , j» 
PORT B TO DATA BUS >(ABC) 
PORT CTO DATA BUS J MPU 











) 

t 




1 



1 


1 
1 
1 








DATA BUS TO PORT A 
DATA BUS TO PORT B 
DATA BUS TO PORT C 
DATA BUS TO CONTROL. 


MPU 




1 


i 


1 





1 





















(41.3) JSLftll 
8255 tij* 



.Stop <Juji\ I Start J*J| * Jb « 
. (lPj-*j <yif) ^.a>Jl ^ • 
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.C tijll J PC2 j PC1-PC0 i>^ £_. .JUb ^y 
Jjaf r ljVl ol* *^y B Es^JU PB7 Jl PBO J»jkU Jp ^jUsII y.ljVl jX* 



f 



Ijl^u^I 



. PIO Jli*f JiLAl J^jki -^ ^ JU-I-.I Jill la* £_^, . iLjb sbf 



iuJ»Li* . 



(1) 



8255 

PIO 



(«) 



C 



(0) 



Hi 
It, 

Hi 

STOP/GO 



fcsm oijji 



jj* / Jl~i 
Ji-ljJ*! 



(42.3) JS^SJl 
(Intel) a*UI oljiL f£*dl waJjl 



. a5o<m)I )e>y\t>- iiJijJ AAilLa oLjLJI J?jJa>- iiJij j-kJ , lf>«j*ijj i_ji ikij ilU* 
cl)l "j^O J*"'-^ i«-So*Jl J*>- J-ojCUw t^pdP^V! J* . iijUai* j& L^iSJ) i^-lwi l^JjIJjj 

.(42_3) J£JL)I J PC3 Js>- ,> 1 1* jju .i,J»U.j,r jfjJLi jlJjJ £_^ 

PIO _ <Lai£JI 
.UjU|L.jf (t5Jl>dl JUJLI) PIO 5jl>-j *;jJ«-aII oU-Ull «jUa* *y^ «j^ 



172 



J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



Rockwell J-jo-J ^1105" .(44_3) J5CJJ1 J fcjl Rockwell's R6520PIA dJUJLI Jt*S"j 

.(44_3) jS^iJI J CS3 Jl CSU 



<Ui?LLi ^~ 



0>J 



PA, 
PA, 
PA, 
PA, 
PA, 

pa« 



PA, 



1255 
PK> 



f"p 









»; 



*>-l / .jAh' 












(43.3) J£Jl 
(Intel) t^-L-Vl iiUL j^dl OJy 



iLU JsjJaiU »JLa . (Bits oMvOj 8 i«-* jj ti^. J£l ,jCj\) 4s*iUiUJ Js-jJa^- 4*jjf) JiVl 

j L^J Us-lj PIO JiVl Jp J*«=~u . j^SC^I oljlij- Itrf Uif •jSCo »I^Ij i^^JLl 

. i/5yw ^t'Ij" **jJai« J^ 

OL&JI ,>»_A$Tjf SJb-lj JUxu-L iOiU.1 *}&$ JaJaii J-f-J JJlijJl -K^ -**** 

.DMA j <J»Ullj ^Ak^/I ^»j Ul^ ^1 v-L»Vl il^Wl 
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. AjjJjf j^jlij *il*j iw-UaTo (^JJl |JL>- JLSjm 



(•) 



S 4 



iiUjji ji~>-i < 



n m 



A«l II 

Bi»L_JI 



J-* 1 '* 



CSI 
CS2 
CSS 
CS4 



£>< 



^i 



TTL 






i»j_u>Jll 
A 



"""I 



B 



> AgyU/Jj* 



£} 



c 




B EJ U. / j~b 



(44.3) JSLUI 
Rockwell R6520 PIA iJL»j 



<_JJa;7 DMA {j£ij i*J»lill *Jaj JJlij ik**l_jj Ij^S O^Lf^'o iiJatUll *i-U* j^^i 

j AxJsUll ^f ^(jCjvLiJl Oy^ oU*k£ /»Jl>«iw JjJl JJli^Jl <!jVl jSC^ji .i^Jlj *£»«x* 

.DMA 
AjlUaU fulajj £313; 

Interrupt Management Chip 

: DLdSLij tJJLIi -^p LijJ . Jildl ij#d ojy- 
. i^JjVl Jak^jC il£ill 
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oLlSI Vj! l y>dal^ . IfU- Syjdli oUjSllj oLliJIj J^JLSwll ^U jVl ^jJUL^ 

. ajjJjVI obi" ^ iiWUU jjj 

Interrupt identification Techniques i*bUU jjJ: oLxSj 

^f Ja*X-j [^- Jb-lj jL^>- JJ i*J»Ua Ja^ ( j /a J . />i «xl uilS" jji IJL* . idaljLjU v jja>._)f 

Sjjj JL& J^-f •j* i#«Js>L5i1 *— «*~j (-a-ill jL^-l -sJ^r Of (j^sull pJl*!il (J* v^ **^»L4» 



The Software Method oLfl^l! J&jk 

ojji fjjy iijjJaJl »JLA J£j. Ja~jF J . «_k.Ull jl^JL-l JjJb*J IJb-Iji lJb~lj 4jJjU1| 

iij^ LxuJ . i«JpUll u«< ^JUl jlf^-l J*~*J ijf-jli-l 4jj~JIj iiUi^Vl "jSlc 

JJ (1) JLill jl^r ■>« ,J .JJd\ j\^>- JJ ^ywJl ^JUI j* U\J>[ lk>- jULil iLJL. 

^JUll JJ \»yrjj \ J >^U J (3) aiil jl^r JJ (2) o&l jl^r ^ ^ (2) JLidl jl^ 

Lfil* inJsli. jJL/jj 1 lili . ojLSVl (1) jL^Ll *1i~j . JaiLl II* JJ SjLiJ j .U^" . (/£ywaJl 

jLSf liJJl jLfJLl JJ SjUyi J^; ^ . l_^*JL*j JLJI JLbll jLfr JJ ^Ld SjUl^l iljfl 

,Jak>Jl IJLa et-iiS l jw>«xJ (5^>-Vl (Jj^l J-«jC«J l)I jSUil -_^« ^ywJl p^JUll 

The Hardware Method *~£j&\ Vr" ^^ 

iU^-r>U J5^l ,>«}Jl ibjj JDiij ^JULl -^ [j Idj .^ik; L^ 4 i.jJlkll o*)L^dL 
<JjL» SjjJJ Ul AJ_ji*Jl jl JU^/ ^j-iJl jlfA-l iJjj-~« *^j^l *r^' -lii" 1 J«>r • **tli*iJ 
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i*t>L2ll dJULj ^ if>yil idalill . iJVl inJpUl! 4~>yj kpS -*~ j IJjfc . ^LjUiI iwjaliil 

iL*yJl oi* jjiy Jj>-I -^ . L^ij "*>- cJy J i>iJ»Uil <JjL« Sjjj Jl p->„ J Jci\ ijy* Ji jJI 
. jl^- J£i iUoj 1 6 <*— j ~6yS- J>«~J i*i>Uil jjaj ,jj| iyi3.l j,^ v_^ 

»JL* Jil iLoill CjLLjJI Lf ^^> . ij^ikil iPjidl iJyjJl t IJLa iijXiJI X>*~» ,£j>*~m 

. Jp-N Jvai J l>-jjJ^ ,yy .PIC iy£ll 

Priority Techniques ijJjVl cjL& 

iJ»uii &j ju- Jii«> i« ai.1 «j^ of v£ ii-^1 *^' j^ Jj .^ <y v~^ iis^i 

<£ji~» aJjUUI fcyJL-Vl villa: ^ . jl^ J£! fe J^JlI i^jVl aJl* Jvj* ijyVl Jakfc 
i^JjVl liy> j-x*j .(y-^) i^yf iSjZ<~* *J\jj^i\ A*Lk!l »lk2j| t-ajj/xlj i(1) iyJjf 

.SjIp A^lodil J <3y> J*Vl ,y> (^iv) 

«Ia JJOu ^ jl^jj- JS" JJ *J\Xj\ Aj^Jjf (Jajo of j* IJU*j" ^5Vl Aj^jVI iJai 

.liLS i.ykll 4P- £-r^i if u 5 ^ ^ M ^WJ iSUit oLulydl J5 

C^-^f JUaJ . »_ ; ;fc,ll iL-y ^y* i^liJl CjLjJjVI Ula>Jl ik~~Jl oU,.»,->«jl (^JL>-| 
jjJl Mask Bit f-LaJI *JU»_j c~?w>f i^L&JI oJIa ik»-l_^ . i^tUll *Jid <L*IJ iL-y 

,i<J»lio JSy *by,y iAaJsUII J**jjf jSo: 

(45 _ 3) jSLiJI J ^lij . i>ijA>- SjJb JLjCU*I jA iL-yJI bJl* <j ^-*^>y U o—^f 
iJUi Syl jJI oJia »Jij .*-srjsJI Jjl-yj ajjjJj^I *-y eb±^"L ^L-Vl i«l»Ull aJW jyla 
J>v^ ^ . JSLUI y. ^J\ i^JLl Jp j^JiS <jJl INT 7 Jl INT 0-j i^ oUtlii 

ejLJ} jLiil jis<aJl >i-U-» t(^iv») A—JLii!l iUay £*£■ \c^~ • t )^*" cM* - ' *i /Hs*^' 

(7 Jl ^ -yi) 4JL.ULI U»ULI ^ji-^ of JLi. dJUj a* . JS^iJl jL-j <.U£L *LL2ll i*l.lil.l 
of iLUll i*i»LiuJL! Mask Register «_jXiJI ,_);»»-» J ( 1 ) ilvj zyrj ?«-*-. j . ^2; Jii 

J*«-» j<j»uJ dlJJu LA «_w>_jf <Ui»Ldll Ja^la?^ /•"-^ C.U.kI.^I lil .jL»Jl js*i yijCo 

.(1) jI^I JS" < «_-i5=Jl 

oIj^-J. /jSlc .j*** i»-illj «_.:ft;ll Jj»— J 2 *L^>ji\ L c^ i 2 i«JbUli Ja>- J>f lij 

IJU oL^s>J, -_^1c . j£iJl jL-j Jl 5*1»U1I J>— J iU»y Lu" of £-£! jl t ^Jl oJaLill 
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Q*~.\j> jp£ of Jss-f & (JSLill <>f J) oUUl JiU Jl SjSIjJI y. \y& of J^JI 

INT UUUll »jUj J»*JI IJL* ±>j±*>- fc~£dl OR _jf _ fjja l^-fj .oLfl^X 
A*l>Lail !*>- «_. IJla iJaUll ^_J1> J-^cj . JiCJl ^ jLJl *#>■ J* ^^Ji; ^Jl s^Vl 

Oljpi MPU fytt ciiJi .1*. .J5T jf JOfl-lj i«l»Ui. lLjjJJ- ifcjj uyill ^yt^all «JUJJ 

. install \^~* ^Di ji^JL-i j~*iJ i«J?uii j>t«. 




(45-3) JSCJJI 
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l j£J: jJl cj^dj iLSwo 7?-*j^-\ Jj j-» /"-^Jl i j : ^ j ' ^*i <j-»L«JI cjLLuJI j 

^3 ^,../j:...< cJUjcu-I jlS ixJslill J»jJa^ Of ^^^iJ . Sjb>«il inWUll oLiyuw» Enable 

JSLiJl jL-. Ji y.r,:,., ^i jtfljf SJi^tj i*i»U. OjJf lij .(1) bW I^IS £-^dl 

iU»j f-iy> JS" J ( 1 ) -l£j i«J»ULl J^. oLy^ iSy^-ai\ ^.JUvlf fyL tillj JL*j 

•j^ «*j^j 1 Jb-lj jl J i»Oil-| cJU» Ji °>f>-f »-** jf ,_y9_^iJ . iaOiLl <uj jl$J--l i-JQ* vi~>>- 

rtJ iyJjVl J iJyi JpVI ,y> (0) i*!»Ull jf U* ^JijJC^ .*ij$J ^i- fl-liti-l Jg II 

J>«~J (0) <UUdjJl jLi>-Ij ii»L~j cjii ^jiwaJl «JUil» .Ij>wJL»j (1) inJslil.1 L^Jj 
i*j£*> fju; ^(Jb-I^ll) jui (^ .(1) i«-i)l jJ- jp- (2) iLvtfjJl *j (1) *Lt>ji\ *j* i*i>Ull 
INT oil? lij . Vjf i*i>li« iSjZ*** <_^f i*-*^- "j-wJi fr^Nl li* . JjlJiil i*i>Ull ^ji^* 
oJbJb>- CjLj2£ I^5j jf (_5jivail p-ibil ^ i~> »«-» 4jlL>U1.I oJL* <UJL>- Jju Ax c >»v' cJlj \ 
JaksJ. .k^o ,_yf l_^ /»IJLiw-»l IJLA . S^kdJ c£j>-Vl oUi>Ul.l i* J>- Jj>-f •_,< A*1»U1I J^*J 

jcko^ll tJCUwiLiVl tJcdSsJtil J*-j iniaUll flJi^l^V iUjC-II oLi&Jl LL^y .Ail 

ijJaUll ~)ij ojJta Uojf Lw>j JiiJ .Jb-lj 01 j tiiUUUll iJjL«j XJ9L2LI j-i «^o l^, 
. Ltdll «*l>Ull oL^i— jL&M, olyljVl f I Jic-V ^jjlUl ^L-Vl 

(PIC) i**jAl ihm laMUU j»SAiJI »a*j 
Programmable Interrupt Controller 

J_SdJl) ^jJlviII »JI_m11 i*jJi_L* J oUL»L2ll (»-iW <cfj J^*-i PIC ^ 
A^-jSj iipUail luL^JjVIj a- j' .& j I ^J12jj i*J»U»JJ oLyi«ji jL*j Jiu j^ .(46_3 

f-yCj iMPU 4L2jj ixl>Li« i£y~~» i_iiSvi ((^?- ti*i»Ull <U>-y frUil . (jVl iwtliil 

dJUi Jp iil} . **i»Uil itJL>- SjJ' 1 £& £~>- 5>l-^l J *j>LWI iyi*ll Jl Ul g^UjJl 
u_Jbd.l -Li.dlj p^Ak^Vl J-l* aJ^ JJaJi 4-xa; iijjS3.l «Jl* t-i-v* Of (j£J.I ■>• 
. v_Jbdlj «Jb-jJ jlf?- JS 1 <j j»Oii o-p- *k~»j Aji5j j* (_JUcll JLidl . round-robin 

. Intel 8259 ^f J5JU-I jl^JJ PIC U*p OVl . .i ^' . 
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(46„3) JSLiJl 
JUfcUll ^JWj ,>>*; PIC i^j 









INTEL 8259 : PIC -y> Ji- 

■u^j i^UUll £^iy <sA>J/J\ f&Z V U i*l>UJU J-.KII ^.h-ll PIC 8259 jOE 
lUUj Jl A»L^I .<>-28 i^Jlji •jS'LJl NMOS jL$>- Jp fJli^J ^j .i*Uill 
i£jx~« 64 »-lid iJL^ 1 Jj-b- Jl PIC olJw-j £-* iaJj> of -cS^ g-jj-J^l Jjli jl^JLLi 
J..^ -; 8080 Jl <*kl*. pJti jZi>^> dJUJU .8080 t^td USa PICJl »Aa .iJ»U* 

ijLtV 4jL>x-I . aJL^-!jJI i«J»L2ll i^Jad JjU^I Jjf Ujb-jJ 8080 SJl^J! *JL2J 
J* i*JsUll JLj)) SjLiJ £fryj i*i»Uil 8 080 SJb-^Jl Jjtf ii£f o^" of J* i*J»Ull 
J <-is>oj *lj»-l i^fj tiy^jJI jJUl pi V . (INTE Ja>- ^ U>U1I -_/x£) . INTA 
j^p oLJjcJI jflii \ t ^~ , cjULJI Jill ^ lyp U>l>oV cjUJUj ^ksj C~>- "<^>\>- iJU- 
IJLa .*3U JJL«i <±~r- p£>cl\ oJb-jP oUJL*xJl J>~. J| S^IL. J^j tolJUl JiU 

i*jWUil iJ_jL« ojji JLij j^x «^~j»«j MPU J* JLidl jLo t i>J»Ull ii<Jwi jju?- 
]La>- i^a£ i i^Ui! i)jU* -j^ *1^jVI JL* i>J»Ull ??-J>\jji m c-IJUjI 5iUj *L>-f -^ . i^LJil 
JjL. JL& JJ i*l»l2il JjU* (Jjls ^ dUDj) l^Jliu~~- ^11 MPU o^Uw. £-*■ 
Jp SJwaJil J *_*>«llj status flags ^J>ji\ «^U jj £-^^1 J*-* &&- v£ • ^^' 

.jOS Jif 
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Jj^ *£)}-* J* dASi . iJf Sjj>vaj iowiji] £-^Jl J->— 8080 SU»-jJl ]ai£ V 
of ^ t 8080 SJb-_jJL ^.Vl jJLa. yj t-^-Jl IJLA . £-*UjJl J>^. JitoJ ij«J»Ljil 
PC Ji; of L^Li ^ oUJU; <. PIC ikJjj oUU I JiU J* iej-^Ll oUJUdl dj& 
oUJLdl cJL? PICS olJb-j JU^l JJ .SJ[ Sjj-a SJUidl Jp («_.U^JI J><~>) 
**JU; . RESTART (.1 ja'tfl i*[e[) (RST) ^ oUUl JiU Jp S^p iUoll ^.jUpVI 
PC JL& ,^JI S>iLll vjUULt^a CALL *lxJl .cU>-lj £l»- -yi v-AJj* ^La *loJ ^ (RST) 
f b L. ap^I SjjL. 1 1-BYTE 5Jb>-l_jJI SUM ji J-Jl ^ JUL . Sfjf SJUaJ.1 j «_il_^Jl 
CJ^aj JLj^j {j* <— iJjj ^2p- RST <uJUu jj^-vij . oUL*- 3 t—JLkj ^jLipNl w-aU^I 

_ 24 _ 1 6 _ 8 _ ji^> ^j ijS\JSi iJUiJl £-»ljll ,y JLs-lj Ji JL. jIjuj «_^«J jjJI 

.56 _48 _40 _32 

RST i«Jju Jai^ . -jjjLJl «JL» -J-* SJb-ij Jp i*l»Uill iljlio SjjJ fjLo of >>-*?r 
jjiinj Jaij£ t" **kl2il J_jLj» iJjj-~« ^^3 (.Uj^P . aAykdl Jp wt^oU^Jl J>«-<" <Ul ojj-^aj 
.Lsdi dUj ^l 8080 SJ^-jJl cJL>-il \^>- .8080 SJLa-jJLl iJWaJl c/iU-Jl JSjf 
jJjJ dUJuj oLf I^JI ik-ljj »£ oU-Uil tJLpf cJlS" ii-j>- iulaj ixJ»Ull iUw-l cJl^ 

£— Uj jf olULL. ( * 8 &j 8259 c-Ji .i)U-l «Jl* 8259-PIC SJb»-jJI cJju JLiJ 

•jj AJl .SJUiJ.1 j OtA^-JD Ul ULb- ijyi j^ dJJS «_>y . J >l «U*-_^Jl lu^al* 

. ijJsUll JjL« JLij JUp e/>U«-Jl iaisi of k-*j^ *^3y- * 

*|JJ_ oUU- 3 y> 1»Jm 8259 SJj-jPl « :*' 8080 ^ INTAJ iL^I 
oI_^p l^ 1 o&ULl . aJT Sjj^fli oULJl JiU Jp —^U-^ii olji*j i»-L. (11001101) 
iiUsU. ol^i— 8 Jjb" of 825 9 «Jb-yU jSlc .i*L>Ull JjH ii^jJl OIj^j Vr>Ji 

(t -Ja.uJl . i«i>Ull ol^>-^ (5>4j iUoj 1 6 Oli iJL>-li Cj^s^m (jUi; d^f ^^fi liUJJj 

JJ g-*jX\ JJ ,y o"5U-Jl aJLA 4i;jJ v_j£ .(47-3) JSCiJl J 0s*« 8259 J J>-lJJi 
iJLs*»j 1 6 •_,* i_iJ^ J**** J^ 4Sj»J (i»^Av»j 8 -j* ^cp_j*jf J&J aj^U-I Uii . ULmiwul 

. JjUII ixi>Ull ,jy~*A J-wcu-j of JJ 

Initialization jl-^aJI jjJ» *L_Jof <_«^JlI oJl* J-^J t*ii-)i *_«j tl_«j_*Pj 
«_s^ 8259 j»i-J viUJU i.jkll J-* »LSf o!>U«Jl »JU oL>>at jJo; V .i.jkuJU 
f»—*y (>* • ^^ i£f~-*- J^J oUUI JiU Jp iL*>j 1 6 i»«*Jl ji **>->Jl Ol^* (j-i 
Jp t 4 (^jlwJ.1 Jp i«J»Ui« cJJb- lii t tilt* . A*J»UlJJ t^y ^iij^ *Jl** ^i^" 6 >J L * tlf 
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• <JI W' jj^ **J^»j 1 6 Jl (_5J 

^^.-J) irfL*^ 1 i«i»Ull ^"8 25 9 SJb-^l jwrf (47_3) J<Jj| J £-J>_y> \<S 
ilstfjpl /uy J Jl** r-^>_y. <uU-**-" i*t>Uil cjLyuw* -j^ >A>-lj <^F *_i* •_^£j (IMR 




(47-3) J£Jl 
8259 PIC J ^IjJI (»Jii=3t 



ijjij\ dJLii i*i»U* iuf »lc Ul" ~*~J ip^jf <JL-j Jp dUJtf 8259 SJb^Jl ^^ 
jj As**** (ISR) J UiL. dLs-yi (^JUI ijJaUll i^j^^ Lu .iJl>J.I (jj~l\ j* ,y*i>-\ 
lA>\jutt hjfi\ £f~A ay. &s~i *IA*- <£> - IN-SERVICE REGISTER toui-l 
. i^jliJ-l INT SjLiJ SjU^I a*1»UJLJ ^UJI JJ ISR J>~- J 5J_,>JLI i^iJIj iJL*Ll 
L.JUP i*t»Ull ijjijl ilajJ) .ojJlsJ.1 <~*JI ^ J^Vl t£jX«il oli oUIjUII £->£>> l>i* 

. (LaI i^u-j ■j/' *•; 

.iJUi Jl Jb-lj SLAVE s^-jLTs J.JLJ ±£s .(48-3) 
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MOTOROLA Jjlia INTEL oULlio 

liJJi £_. 8080 SJb-j J aj Jja*1I <jJ»UII ^)& ^j> o^li" «l)f .^Jl {y> 
JtfJ .OL.jLsiJ.1 dL>*Jl OU-U1I ^ai j U15 - UJ^OV 6 800 oO^-jJl J (.JiJ^JLl 
.Lie iibfc i*]»li. iLJi (6800) SJl^JI aO^x-J j^ . 8080 <*l.li. SjL^iJ LL*>j 

ojLiL Jjjujf j^f oUtULl Of j£a; . £-«jil JJ jj Lu of jj£c ^JUI t J>.| jjl 
gJLil jb-f j^jj" J Aw>- (6 8 00) g-fd .(8080) SJb-jJl JLvCL-.! .JUe <Vrjl>- INTE 

.(8080) iJ^-j}\ j INTE JJ •_-. J*«iJil t5>^Jl 
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(48.3) JS^JI 
PICs cj\j*-j J-i-J jSLc 



si 

LJf 2JU*dl J U>-IjJI o^U-Jl £**■ iUJ^ (6800) sos-^Jl ^ ^s jf Js^i J* t L 
flkJl .^yt* c- jjjJJ J FFF9j FFF8) &y>±\ S/IJUI ^Jly oU>yt f^Bj 
jyB .iitlall w" FFF9-FFF8 &£*& <£j£- -dy^ 1 J-^*" J gj^ i£,£*^Jl 
J UkLI iUj 16 Jl *J>U> Jl U £>S r ' 8/IJUI »i* ^Jj- cAjj^ (6800) SO^JI 

.FFF9-FFF8 

. ^ Jii^ (8080) SJb.pi ^ 9j*>\ ivWU- iiUu-l lfr>~a^ 6800 JU dill! 
4«U2LI JLuC-l Xp J*Vl J* *yF SjJI JLII J ifj,- jyhp Jl l4*A MPU o!>bw 
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zjiiV MOTOROLA JJ ,y J^aJLl Jak^ll .^jl— j^dl IJLL .v~Jjl il&ii\ 
JjiL i*L>L2ll iii Jt^ l(i*>- . ii*Uail inJaLSil JLuCLw-l JU- <j J Vl Vfj*^ *!>♦*«{ *-»»& 
v^ . *J»iaU ^js-rf jJtJI Ojj FFF9-FFF8 J Oj>*Ll OlyiJl J Ui" 4Jl£« £jjl\ jb-f 

PIC c-JU aUILSJ . <l£ill oJla J>- PIC j* U.U- Ipj; MOTOROLA c~.Ji 
•ji" jf 4j»-y j;jjJ .(49-3) J£jJl j Olr* (J^ 1 ^ 1 l ^s* .**1»U* oL^u~« 4JLJ 
AJji tyjJl J»U Jp FFF9-FFF8 jU+l <■£_*: IcV ob*^ ^i^* 11 J*^ vUf PIC 
j1ju\ ijJIJUJ ^U-JI -j* SfJb ^tll £^p j!jl-^ PIC -Ut jJ . oUUI JiL ^iUo 
^_^>. aJUj 16 oli o^w- vL^ •>? PIC .FFF9-FFF8 ,y> oL^»JLl -y. jl»-Ij 
U*~» oLyai Stlji t _gjl>.><.U »«_c>»vaJI f"J&\ (j\y# yjj ^ytj ijis*l\ 4xi?Ull gjL** 

-UJLI iUy 1 6 Jl ji 



•yi j>-Ij _pJ <JjjJI vry^ *^°J 1 6 Jl J*£ Jj£ oJL* PIC <l>ji (ij^f SjLju 
•jjjbJl J Sj.S'lJLlI I^UsAj ^1 iL»j 1 6 Ji oli iJ^JJ aJU^IjlJI iJUill oLiyuJl 
Jill . 68 00 SJb-jlJ *»wilj Sjj-*oj jUi g-fdl IJLa .JKiil «JLa cJU- JUJ .FFF8-fff9 

.(49_3) J£DI 
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(49-3) J£JJI 
6800 PIC JJb-^Jl 



183 



J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



.INTEL'S PIC ^ l^^. j^ MOTOROLAS PIC of ^ of ^>- ; 

J* ^ .fcSUl oV- £--*■ LJf Ji*^ 6800 of JjUJl *-a LlJ ^.LLi. ~JkJl 

^ .^f iUiw-l 8080 oJb-jlU oVU-l oJla Jj fcjlil o!>U~. »_>> oj^ oNU-l 
50>-jJl dili <i^.j .£__r"^l ^* (6800) 5JL>-^JI bj&i o">U~Jl *y^ SUjl ^ 
8080 J iJUUI o^UJI £_^ iLaJl Oj& of -j5Ull y j&\ aJUMj o%»w (8080) 

. JUi jJ> «uf LS" aJ i_ 'j*_y« ./* 

•^j ^j UeUoLl 0UI.L5II Uf PIC jjia .PIC J*pj iLbj Li^j joJ 

.DMAC 



DIRECT MEMORY ACCESS (DMAC) S^liU >&l-4l £ -jJ-jJU fiaill Sa-aj 
CONTROLLER 

^jljJL i^ywJl ^JUil Ja <pj— jJbi .J-^aAJl li* 5jIjo J DMA fjfli J>of 
oUJUj JLfc ^ .iubsll oLKJl JJL. jJLull oUI^JJ JL^VI /^jjiil iL-l^ 
•_>SCr . ^U- «^xp of j&l v^-r" '*^* -^LJ^ iLJL«jf i*K JJiJ J^-f <_^ 3jJUi« 
.DMAC v-ik; JJV- 4 iiLlJUjf iij.\ AJl^k-bU iJlS" 0j£ V of i*j+>A\ J* iPjJ 
^-•UjJll J* jf LJ[ oU&JI (vJi^j ;~S>JI 4sJl JJiJU oLJ-l ^JJI DMAC ^aicu-l 
JUojVIj iiv 1 iJL> -.P 7t. «...>".! DMA J ot~~yj ol-v-tf J.«.<>J . iill jl$>-j 5j5"IJUl jy 

jl^- £jSj JilyJl (vS^Jl Jp DMAC J^ .DMAC h jLu'jf ^JUll ^, _ 1 
.S/IJUl ,*-. S^iL. COMMUNICATE JUj^HJI/O JLL1I 

jl^j S/IJUI •jo OuUl Jjfcj l«Ja«Jj ^JUJ.1 j^ o/IJJI ojjj ODMAC J^J _ 2 

.JLfell 

MPU Jjaj jl J-^aJ ji\ cAe-y^A Jij jj^vai.!. pJU» DMAC d\> b\JaH^\j 

oLUjJI «_jUi o'ill > a./a'..» .JLcll jlfrj •jS'l-iJl On i_jjJUL1.I JiJl *Jijj JilyJl "j* 

. LLiLl DMAC JUjo-I iiwdl 
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DMACs oIjaj JLojuujI 

£& ck lcs» -( 50 - 3 ) J*^ 1 J ^j-^ 1 DMAC J**-j ^Ji *-pai ^ffc 

.oUUJl 

J-pf) DMAO Ja^- > DMAC & iui-l (oLk>J.I ^ ilj^l) PIO v-JJaJ _ 1 

.(51-3)j (50 _ 3) jS^Jl^JkJl t iyijSJ Japt 



oUUI JJli 



inr 



<£ 



'}Vr? 



m 



i.4jLl._ii 




LSj ^VliiUil-JJIjJ 1 >. 



(50-3) JSLiJl 
DMAC JUjC-,1 











juUI ^JU 










POC 


OMAC 












** 




i 



















(51-3)J£jJl 
1 SjkL-i (DMA £ils 

J*-f & DMRA J^ Jp (MPU) <5>*all gJUll ,UL, UJJi DMAC ^iJU 

.(52_3) J&JI jbJI MPU J^ai 
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MPU 


i jau-i 


DMAC 















( 52.3)JSLiJl 
2 S^kUl DMA £-j13 



Jp JLj ojL-1 £->-s *j (iidl iJL* Ijj> U) UJUo cJU jJI iuJUxJl MPU lj ^j 
MPU cJ*s -(53-3) JSLtJI >JI DMAC Jl U^-j DMRA JtiJI .1^1 J»t 
aJIp i»jLc J r^-r^ *jy^l J»ljj oULJl JiU jik; ^^ .j^' *"*■ J <^" 
oVl^ vMtt oli JSIjj ^Ik; dUJU) iUUi ilU Jjf HIGH-IMPEDANCE 















MPU 


^ 


DMAC 













( 53-3)JS^I 
3 SjkUf DMA ^As 

J&& jU oi ^JUil Of \aj£j PDC j>J f L.Vl Jl i^JLJIi ijLil DMAC gjju 

.(54_3) JSCdl J*\ .£>S£ Of JiJU 

^j£ .(55-3) J&iJl jliJl SJ^jJI JiU J* v_— .Ldl JJfcJl Oljip DMAC U: 
Jij jf -ULSCJl OljiP *1-J£;I j*y ,_^Ji iU«j 1 6 i*w *JL>-b o^>«~» iJUi; DMAC 
jlJbJl J*w Ji* UUJJ oV Uif DMAC j^ . UjUJj v_^t <^l le^^il 
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^Jl ol*K!l :>jip juj»d (DMA 6y~* J& -Mj) COUNTER REGISTER 
-LCj L $ J k^ai\ ^JUiL l^ i^ lgu ^jju L(ili DMAC ojj«- lij . p-^l J-i ^ 

. ijjllail o^Sl JUl JiJ iyixJl JJIj Jl iubia -jJjliP 















roc 




DMAC 






■' ^l-ftjfll 

















(54.3) JXJJI 
4 !>M-I DMA ^b' 















DMAC 

— 1 


11 


ham 




1 


^ijJl Jili 


U 











(55.3) JSLUi 
5 »Jd-\ DMA £_•& 



0j5i iUjll <o* J .WlOjf RIH J* ibSJljf o»IjaJI SjLiJ DMAC oi ^J 
jj>- lil .Sj^aJl s/'lJUl fjur .SjUS^I/ Sf-ljilJ ^Vlj l^lj^ cJLjix~.I a* s/IJUl 
oUUI PDC fyfei Vjj . s/l JUI Jl oliUl US jIju^ PDC ^ ibsOJ y.Vl 
jl^ ^f cPDCJ OVl •_£$ .iusj"i 0^ (5 6-3) JSCJJI J .s/IJUl ^ ioUJl 

.oULJI US r/r jf J 3 ^ Of < JLoiLl 



_ 6 
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oliUI JiU 










— . 1 








1 








^J 






PDC 




OMAC 


iKIl 


RAM 





















(56_3) J&SJI 
6 i^l DMA £jt3 



II* .l^US" }\J* ijJ-j Uf J^IjJI IfJ^ J>~, DMAC JbjJ tikis' Ja JS" o« - 7 

.<57_3) J£Jl J^ 

. DMA >wJU» JLiJil jL^- Jai«j • 




(57_3) J£il! 
7 ijkl-| DMA £-•& 



i^iJl Jl 11111111 A*ji)l ^J^-IjJIDMAC ^ J>«J Ji—Vl i-i^iJl *>** • 
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itUUil ,JjL~j> JjUb oU^kJtl 1 _JLpf J .(0) jjisdJl [£y*~A Jp i*J»l£* MPU ,Jb«j • 

j£\ JaiJ- ojiji. jljJ J« *-**> ( _yaJ iJU-l oJL* Jt» J . iJl^SUl yikJl f-LkijV ^is* 

oL^xii JiaJ- CJjJl Id* J»jC~-j d)l L y» s JaJl ^yt . A^iadl iJU- -j •&£ jjjj 

Ji; t_«Sjj dUiS' .J~J k-~l>j Jildl lJUjIj i^yLsJl £_1U<JU aJL^IjJI o}U«-JJ 
iJLi^^SOl iiLkJl s-UmJI 5jjJl1 fydl J-^4 ^^f JU^ iJLp itSj villi jl«u DMA 

iJWjJl ^ywaJl £-JUII 0"5Ul^i oL^at Jii>- J^IsJ.1 -yi . i—o^ll i_4»jXlJ i*»UL| 
S^a *Ljf RAM ol_jis£ JULiJ V ii~s>«j oJIpL*» i>jlJaj »_J^f S^SlJUl CJlS IS] Jaii 

.POWER FAILURE ^L^ll *ilkll flktil 

,>*4j DMAOy* i^jt ^ji— Jot . JU iyljl ^ji^ Jp v^-it DMAC jJbuJ • 
Jp cJLW ^f 0.1* DMA3 Jp Ut LU-.I laj ^Ui .DMA7 y> a>Jj\ ^^ 
hJjVl y. 13 j* Jpf JJb«J .DMA3 jJUl ^^ DMA2.,f DMAljf DMAO 
cSjiJ.1 J_a3 |^J J*1£)1j ^JjHI <3ja Jpf ip^wf JiJ ^ (DMA1 ^JL.) 



DMAC iusili 
J INTEL 8257 iJb-jJl ^ . oUjJiiJJ DMAC ol J^-j -j^l ,>• jAp ^ 

DMAC J J>-IjJI fJidl .s^-f iujL fS**s Of DMAC J -^ .(58_3) JSLiJl 

.(59_3) JSLUI JOv^ 




iuali 



1 slaJI 

2 ;U)I 

3 ;U1I 



(58-3) JSLiJl 
IntelJ 8 257 DMAC SJb-^l 
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oUU. 
JiiU 

ACK 


n fi 

ijkii dj*n r 

DMA] 
DMAS 


n n ° P 


iijUJI JiU 


^ 


U U 15 

QD 

DMAJ 

DMA4 




ijSIJUl J| 


1JW+I 


2JW+I 






1 II 


t ''■'' 




RQ 


ACK 




RQ . 


ACK 




I 




















1 








^ 










^ 












' 

























(59-3) J&All 
O^U>j 8 ku cjWOpj <U<»j 16 Iwj iji* O^U- 8257 !Jb-jJl dULc 



J jJU .i^ o^j iJ'*' J**^ (8212) jrJ^ ^~" 8257 'J^ 1 V^" 
8257 eJl>.jJI jJLij DMA J olyi~. i^jf >ji" .8257 J laJaj* (60_3) JSLiJI 
. ^yli-l DMA £y~£ \^» 5JLr-l_j J5 Jvsjl «d~~ t A^iluJU iik£ CjIAs-j £_ijl ^S^Z 



c 



H 



§ 



DROP 



^ aougijii ^ * 



F1 1 ^ ul| J ai 



n 



i/oTST i/OR 



M 



(^Jljili 



(60-3) J&iJI 
8257 J AJfJ^i otJ-Jai 
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JU &VIaA J*jIj *U DMAC J*rf-J <i*- (61-3) JSLiJl J uw> >T jJaJ 

l*rf uh ip JM j- 1 Jjs (i 11 C** 1 ^ 1 J* fr^ DMAC ^ -> u ^ Nl i 
!Jb-j ^jJl . jaVl .Jb- Jy> DMAC **>' tfJUl Jl^l ^JjiJl .S/LUlj JLibil 
.S/IJLII iPj~u J«JI iSj£ LilUi A* .i/IJJl £>*■ -Uyj MPU jjLd .^yldlj* 

4*M*U iJjL. dUW oUJUl t JaJ»iJU Olu«Ll abilijJI l> DMACj PIC olJb-j 
jf -jSC^ iitJ.1 pJiJ Jjf-J iil^j *W~i oliUj c~J>j* .Ul DMA H ^SUdlj 
J.UJI ciljaUl ^jii^ ,y> SJb-lj p>I .DMACjf PIC £-. llljiiVljt UJb-p J*jo»! 

:Ji l^i l^n- jJ! PITjf ii^JJ 



4JjljJl J»U 




us*-^ 1 £jy» 



ui'UI Jijli* 



(61.3) J£i)l 
iJU ^^^ ctf Uu}U DMA JUxt-l 

PROGRAMMABLE INTERVAL TIMER (PIT) <b^xU JjISJI oljjiJI oij* 

aJsj~j oJa oLfl^JI <2jjJ» . «_«lJ^Jl J jJcj> jIji*- oiljjj ^^-tJl ^L* {Ss 
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. PIT J tejAi JjUJI ol>ai cJ^c 
J W j*^ <jf jS^r . iliUw. oWj* a*^ j y^f- Jj t Jaj*«j cJy« Ja3i c~ J PIT 

JLxi SjLi} jJ-^j (_£jsM ojL*JJ . iwkliU jJUaJ jl iv»w>_jJl iUnsj L«j jjlsaJl _p«j iljUtll A^o 

. O JLst 4~«j « lis f-l .<^ 5,i I 

PIT JL*i-l . JaJI £_«l J ^-U.1 *UJ^j <-^wJI £_]UJJ U-UI SjO* j-si PIT 

. ULSj lj~>-b Uil -jWty tij^l oUgi MPU jy^ 
OblJLP JUjOo.1 j^T V . ((^yiJiJ-l jj^jJlg oUJaj iJU- J oiU- PIT (wJJaJ 

^L^u *j>-jU-| PIT ZJu-jb dllj JS *_*j . ilSCiil t,l» PIT SJl>-j <-~*~S . t^fUU -j-j 

JiU i^kuJU e5j>-Vl olili^l -yi !J*-lj J* PIT <_~fj; y» J?- Jtt-jf ■>£. Of t y«~i* 11 
_^kL- ^11 oUjlidl olilSj j,* ^J IJl* £>J^ Of J-aJLl ,y .PlOjf S/IJUljf MPU 

.UARTsjf PIO Ji. olSlij J PITs jiyJ . Jjfe-ll J 

1 6 **~j ilfc-* oblOp SWIS jUE ^II INTEL'S 8253 PIT J& &* ijj tf J^f y, 
Us\ k~* U.j BCD j ^tiJl flkJL JuJI ^j 2MHZ Jl y^> y> oU^, J^J, U^j 

Device Controller Chips *)e^ ^ill dUUj 

U-^J c-Jiu" oLSLiJIj oL^lkJlj oUI>-Vl Ji. 5Jii*il S^-Vl Ja^Ui of <ul* tJjLd.1 

. i~>yA>- IaJ&*> if ^ jlfi-l luj Jjj-f -y »jf>-Vl £_» o^-iL" ^J-f Vi>j-I O"" J^ ^ 

gJUll i.jku ^ ifcjijll ^LxpVI !>^Vl vi*V iy! ^ jSUj 0^1 >^" 
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OuUaJL) iu\jj>j p-JVi.\ Ai-jU ieAy^j *££■ \a*\yj> t . l ya^H\ J^ icjVl JL>-jj . <_£jJwiJl 

. iJiLiU Jajlj-^j iil^kw-bU iaj\jJ>j Telecommunication JOu j* oVU<^!>U Jajlj^aj 
j^oJ *>J*if Jj 1,-i .«_jLJi JvaiJI J CjUa~«J.I Controllers Jajljv* ■■ i.^a.u.< 

. (fdc) if jjj jjiaJi ajdii v\jbJi\ J^u; • 

.(CRTC) ifjJU JuUJl CRT ULUI J^U • 

. iulWl iajL^ • 
. iiLUl JajUi • 

.HDLC/SDLC tfU J*Li • 
. GPIB i*U • 

Typical Peripherals iiaJ^iJI oLkiaJLI 

.usii s/ijjijf yi^i s/ijui s^f, ^vi s>rfj juyyi 

Udl ^"Ull i>-^ . JUo] jl^ ^jUU i-^J Jwcuj i^JI oULULl ^U J 
oU!jUj >*JI JJ 1 -^ (.lijfj U^*. 26 Jl £_oli, ^y* jj| Typewriter 5jI£J| iJ'^U 
JUjcu-VI iu'Li ^ _ Ji-tll JJ ^ Ai^Jll i^UijJlj ^yLi. cUUJlS i^U- Ij^jj, Jaj& 
.i-^-SJl vj-IjJ-I Jl. cUj^-jJ h mJ k^i\ oU-Ull Jp juuu ,^)l oU^kJ.1 J .jj| 
vilL" Jl if-LUI c^-lsi. 16 iuJl oli ^.ytocJl «yUI ^J ,y> ~_^li, i^-A U 
Ua>Jj oU& ,sj^j \^>. |j^ i.^.j i,_ r i J cuJl oU-jJUl . ^JLl oLl> J iJUjcuil 
!>b)l Sj^fc ly^\ ^jiS^jl tfJ J| .i^J| oU-Ul 5-^.JLl s-^j-Vl vJLpf J 

j oU*ljJl (LEDs) ^ Sj^So. Sj_^l. iUxuil i^ Jl jrl^l S^r-f ^f 
oUli SjuJ <J>j\f. \jl s_^>-Vl oi* <_i^ of ^ . yjLJl oljjJUl iiLi (LCD) 
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IU) .U* Sj^u F Jl A & ^iy-% 9 JJ jL* & flijVl Ji£ Of & ^J| ^ 
iitf JiVl ^» .1* ,_^yj| S^-f . (i^jcUl 1 6 Jl f BjVl j- & ^>yC of l^ 

jwsi i-jk^ ^ika i5yU^. ^j ^j*, of ^ LCDjf LED JS" Of ii->-j 
Jif iy^ (.Ujf iujf) £^*JI ^yi iujf .LED ^. «*. JiVl Jp ^>so)l gJUil 

.(o%^>j 8) oULJl ,yiyi uyJe-jj (ilwsj 16 

JwcuJ Ujup . i^jUl iiLiJlj ioLkll U* ^l>^J VU5 J£% OLijyJll jljl^Ll 
Jt. cv»-jl^- fSJ- *Jf iL J^jj Of LpS^i ^LmJI (^^JJ j£^»!| gJUl.1 o>&l. 

.Step-Motor Jjidl dpJljf Relay J^ll 

Floppy ttolJl iiljk-Vl ^ «V*il» oU^kil J UU J^cuJ ^)l *Jl*-Vl S/IJJI 
SJ|_jJa^-Vl «Jiw- Jp cj!)L^JI J»«~J . i_^» iu~J»ljc« il^kwuf ,_,* aJjUJI iljk^Vl . Disk 

,y> ^Uai Jjib J jL~o Jp oLiLJ I i*j^>J. ^i^oJ! *s*J-\ . oliUo oljLlI j j*«£i 

100 Jl_p- j-^Jj -yj Jjl^jCj JiVl Jp iJU- 360K SjU iiJUUl illjk-Vl Ji .iuiS" 128 

.Uj 1 5 Jl 7 J«j dllfuJ iJdll iljk-Vl J*~ t^ . iJU J. 

i_jL~*VI *->-j-1j . c^jUL-o _jV t>-*Ijj l£>^ (jJl olilll >c_»jJ (jviil_jJa*»f >»lJL>«i«i| JJ 
•_/>lcj i £l_jk~,bU jyll As^il jj ^Li* Jpf y. AJljL^-bU £>>jll *>-y.\ OjS Jl iiUaa VI 

. 4~J£ JajUill J», w . : >. o 01 

Jpf l(if «_* aJJJJI AJl_jkv-Vl olf»-i^» y> jS\ dj>- **** il*ai\ SJl^k^Vl jy 
<uljJa*»il «*J>-_}-«J -5jwXJ 4jljiu«l *>-j£ Ajjk*ai\ oLi-Uil oUjJiU jf^ tJblji»_p*J jjpj . ^LJi 
OliU dj&- j\ <«jti'nll oJO 4>- £t-"ljJ 4i-xll Lj>-iji iiJlill ij|jkv»Vl 4^* Jaj«1«j .■IULv» 

_ Spreadsheets SJU«ai< «_*ljjj>f Word Processing ^j^iJl iLLt* r-^st Jl. p-j»ljJl 
._^l *-iy> J «_2j iJU ii'L. Jl ilj^-o JiJ Of >iilj JUj -_,SCc (^Jl iJjQJl oCl^k>-Vl J* 

vliijl? Sj^XU ajj^cu A.I. ».«*., .ill "tJLjalll tciI^JU C*ju 0l_J»«^ Aj^IaJI 4JlaJau^i jll \+j£j~j 
.AjywiJl olA-Uil i«_jJai» aJUju *S^>«i c5-*J' J^^' f^** •— '^'j^ 
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. oULJl y &U- li~« 40 Jl ijJis- Oii rj\_r> ^k - ! **~" VrJj-^J' ijUaJI olil<jk«,!>U 

iJUJI il^Vl 4^. «-iikj aA>1I 5^ i_~»p- aJU J- 70 jloicjf iJl* J. 25 jjjbw 
Ul i_Sjj <d (K-jUI fjJJl /«->• *>-jil IJ* . 4jUU* *ko i^JUl »£>«-JI r^j <u«i <v>-jil -^ 

Combination Chips dLmI^I #13, 

.gj>-\ oU«i tiywaJl gJUl jyij i*^ 1 '^ u-^ ^^-^ c? 11 ^"I^ii 
jij fc^Jl e JLA y, ( yAs*d}j . i»jJidl J Jjli^JI iJLP Jj_Jj Ifif CjIJjSII alto f^jLj 
oLi^ll /Hr*^ J—^ Ic^" . liL- SjjS'JllI JjL-jJI tf cA3s\y aJL2j" SJbJL>- Jjlij cJL>of 
jJlij *Lo •j^Uil ^ 7*-r**iJ 4Ak>JJ lJjUJjJI ^--S'jJ ijjJLLil iW-JJl JiJ tSa^i* AJUj J 
i Intel 8085 J j££ .0^1 ij»j&\ S/IJillj JULJLt oUiljJ JJlSj ^^^Vl Jpj .oUiljP 

^jlji Jl JljJI Jy^ ^ ^Jj Jl JSUI Jy^j ^jljdl ^JJji £-• Jlji Ji ^jl>Jl 
PIO >. a.^; jIjl«V TMS 5501 U^l Texas Instrument c-Uii-l tUUJJ JiUSj 

JjjM (j^lji" "V JljJ Jas-J CJ%*t>j 8 <l*w f'y"! ^,/*J Cj>M«^>j 8 4jt«j Jl>oJ t)^ 

t8080 «Jb-^Jl j<_« Sj-iLi 5501 i aJl_jij . if j»U iLlill Lnlj^iiJ okij-« k^j l jyJplioj 

UART ^. (»-Jj hj\j* PIO -yi ijisljl tLt-f tl ^k 4jj5ll oJl* .8228 ^JLkJ V ^ 

. (i*^ Jilill ol^iJl cJ» PIT j 

PIO j RAM j ROM j jJLc •>. Ujly ^ Intel 8741 SJ>-y idJUJL l^Jij 

CjU-Uo Lsijl jSj^o liUJS' .oijA* iilij J J^^ iJjiw oLiilj; <^Sy t jVl (^>-j 
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j^i uf J-^aiJl II* J C~J>jC jJl V-UVl ^\ij\ v.-pyu.l ^1)1 e^jUJl Jp ^jwall 

Oj*U^~« ^uj . J^IS ^Uii *_~«j>«J ijjilall oUj&lj oUadl «_^ jVl L*._p JU) 
gtJUll y«> j»;o./i:ll J Oli^ksM ejJU /jSU-J tiljj «_oj . oUj&l eJLft «_j>wiJ IfijZ 



.(1-3) 

?RAM j ROM j/iS ^ J5J i^l&l ^ ISU 

fiiliS" JtsT u»-lj if . fcSUl RAM j *JUUJI RAM Oy. cjlijjiJl l^ 

4j}W tjyC^ail ^^ixj J*jC~j lill ?S^IJLII *i\ij J* CS ^ iLbj ^ L« 

fOL-f 
. RAM o/IJUl jlyfcJ (.op ysCi. J>i ^Jl JjkJl dLL- «_**» 

?ROM **j, j* lit. 

?*»»i-l isiii»l4 oliJal J ROM ol^Sli JajC-J Ja 

?PROM j ROM uy J>JI U 

?«PROM l i^j )( ^, liU 

?J*«i-J ^ 9EPROM ,y> U 

?2_*^- cJ-S" 9EPROM j*£ <J*£ 

?EAROM ^ U 

?V~J^I l^alLs.^ ^ L. ?LpliiJI oljS'lJUl ^ L. 

?CCD S/l J ^ L. 
?JLiUlL |^»dU iUjcUl |t ..JV,-U v-L-^l ^1 ol^fall <y> L" 



1-3 

2_3 
3_3 
4_3 

5_3 
6_3 
7_3 
8-3 
9_3 
10_3 

11 3 

12_3 
13-3 
14_3 
15 _ 3 



196 



J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



?Interrput Handler <*I»Ull J^L« J^aj lit. 

^Direct Memory Access yslil SjSl JJI r-^Jj y» U 

oJb-^Jl jJL*. -^ J^lJdl £j> ifiU\ Ibj ^IjJl y> J* ?UART ^ L. 

?UART 
WART £> Jp Vj Ik. SpLJI gyz J* 

?Baud Rate Generator JL«/yi Sjl>-j Jjljm jJ^. j* L. 

.PIO iSJy ^1 

.PIO J J>-laJl pJidl L. (23_3) J£jJI j J^, J5 iiJij C-r il 

DDRA J Lu" jf v_j£ oU^ iti t Motorola 6820 PIO o Jb-j JJ fj^JU 
?2-jU^ B byj JsMjiS' A fey J^" J^f -^ DDRB j 

ja) Ji [S tijll J^" J^f ^ DDRA J Lj Of i-£ ^Jl oly&JLI ^ U : 

•cH- b c jU c jU cH- b c jU tH* jl jU £.-> u :?< 7 Jl >•* -KM-i 

.PIO J* i^iUil oljLSl ilJij Q^il 

?(pic) u.uii ^k; sis, ULk ^ 

?***S>JI WjI ciLfljJL l^U. ^ J* .JuWdl oL^Jjf ^1 

. PIC iiJij 
.PIC OjOjjf i^j-j £_* 8080 i s J }^\ ^JUil j iJalill A^y 

. DMAC J <u*Sdl oLU-Jl £_,b" Ui 
.Chips Jil^l aop Jli Of 1^1* ^ ^j| j^ji ^i 



16 


-3 


17 


_3 


18 


_3 


19. 


_3 


20. 


_3 


21 . 


_3 


22. 


_3 


23. 


_3 


24. 


_3 


25_ 


_3 


26_ 


-3 


27_ 


.3 



28_3 

29_3 
30_3 
31_3 
32_3 
33_3 
34__3 
35_3 
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J5" jJ: jJI o.jJl»J,l jj^aSUflil-l ii»>»^ui_j ^SjJLvO pJljw J^J otU-Jlj ob~J-l JJj>*i»* 



MPU J &i£jj| joUuUI 

oULUil yt jdS lat^ *->jiJ i^ull jjPj ijjiJI jruUil ^y JJ* Jl JsJl -jiNX 

t 

A& iy^tX\ i_«JUJjJI 4jvJ? j~j«j "Lull jJaJI if^-j "►» . ijy-* ijir 3 *' (*Jr' "Aj-^ ^d »Jw*JI 
I JL* J-*aiJl l-i* j J-kjO-JU* . ,_5j^s<ail wJUaJU iwwiLiVl u> <ajUajM <5^>-| ^ SiU^Jl »-_jJ 

.%\ |._^ill li* Ja *^aJl JaL* ciUJU .i,>*Jl oli-ULl ,_ihfc Jsj^J jUll 

. 5JL.LSCJI i.jkJ.1 U**J ijJLkll ^iSUijJl *Pj*f JjVl tf>&l J_^aiJl J L-yj -UJ 

J L^jjOij ^ycu^u-j (1-4) jSliJl J jfL tJjUijJI eJ> _)>Uj ^JUI lS 2j«J-I p-Jj*Jl 

gJUil «Uj j 0>.ljS ^Jl uiJLt^Jl .Jla (1_4) JSitM JpVI ., <srt-,ll Jic .J*aill I JL* 

^j .i/^Ml /.li^ SjU- ^JJaj ^Jl iAJbkJil uiSLlijJl JjL-VI i_i*aJl Jir ^ iSjk^ai\ 
. ( 1 _ 4) JSLiJl ij ijwi jA 1(5" i-jLiJl OjJaUil iJLail* Jjli^J j>j£ 

.jMfk iJliJl SjaU L^jjcuJ Leo ,^-iLJl oJla \Xj~ i^s-j^^j 

i^W*Jl CjU-UII i_JUV j»i^dl 5Jb-j i>^" .£j%^j ALU <^f iJlVl Jo < SJ- SJ^-j 

0j^ . ( 1 - 4) JiwJl J *£>«Jl SJ>-_j r-i^c j ROM ijsrj j~a>_ IJa . </;>«-*!» gr 4 ^ 
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JuiJj jLJx^V ^jM.\ o>JI oULULl ^ts jJU«y liywJl g^UjJl ROM 
:*-^JJ 0^ pSUdl SJb-j y>" i^-jbJJ ROM JLx^-L . vrjU-l oULdl 

If «_;y> JU JS" j Jtff 4-ik« ^^kwj Sjj J>«il iSlS^Ji i?-L~* ^lo^i-l ROM ^JL _ 1 
<i)l J?-^ jf i_4jUJj i5U»Vj **»UaJI t-\la£-\ «_pwad V-jJj •jy' °*^* • ^jH"*^ 

.(8085A j, «jjk.)) JS^i ^ 8085AH SJU-^I ^i* .Ufe-V «y^kdl» ^Jl^ ^ 



xaiti. 






i-Lill MPU /V 




8 .y-jULl oUUI JJU 



(1-4) JS^II 



;}U^ ^y. .t^*JI o^U-y oULJI 15^ JSLiJl Orf>>^ OVl LS>* lij .^U-l 
J^k>w. iJjjJI Otl^wp ^ . iLaj 1 6 JjyjJl oik- ^jf-j cJ%*>j 8 ^ oUU I 
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J^l urf Jl J*J .(it. IX ) ;,#. of ^s ^JU| j£ ^ ^y ^ S p j PC Ji, 

iu^ ^ .i^j| oULUll ^ Jp jjs v o^Jl a Ju . JiiUU o^U- i*^ 
i/lill 0>' |^ \J[* ^ ^ . c yj| j ^| >b JUo j jj^ ^ j^ f ^ aiij ^ 

i-j^&s jiUjji 6 i* .i^tdi p^^i {.Liv ijj^oji jnyi js^lii ji^r j _*&• 

. (iili^Jl J iu-itu l^ ^ OjSJ "tf | c ^-) RAM j ROM • 

. iJbll oVl^U UART • 
. Jjjljdl oVUl^J PIO • 
■o~£*)h ^j Jl JSUJI J^^J DAC j ADC • 
PITjf (UjJJ JjUJl ^J,ULI LjUi) PIC JI C W Of U.F IJZ~ l.Jki jS* 

.iiUJJ ^ ^ (jr iU| S^S-IJJl ^j) DMAjf (itjJU JjUJl oljsill oi» 
SjIIa U"j l^li 3iyi J i.lp Sj^ OVI 0L*£ Oi=riy J^iJl jL- JJ JbJ J^f 

.(PFR) gjkjll jLJI ^ s^bl SjJbj (fcUl) J4II 
iilij j to,jU cJJltjJl OUu-M <1^ ii,> j^j ^ ^^ ^ju. ^ j^ 
J ijff O^i ^Jlj (1_4) JS^JI J iJLi c iUJl JlL- y ^x ^j ^s^S\ ^JUli 

gJUi aiij j -^f ^ v yk, ^y ^f j^ ^ *jf i,^ ^^ jup jb-y . z\ij\ 

i^jj*L\ iJrtiyi, 8 080 a^Jl f yj vilUJ jusr, .vrjU: jju, a^\j, ^ i j J ^]\ 
if, PIO j UART j RAM j ROM «iUl Uf ^jj^Jl -^ ^U 8080 ^L-L iyfcl 

JJL-jJl ( ^ t^^wiJl 8048 JajUi Ji, ^^.^Jl cjj-UJJ 1 __ iili^l .ji- 
. iijJ* \+\ -y, ^L iUlS" iytui' J-*" ^j tSO^Ij alij J (PIT j RAM j ROM 

Jp vJJUJ^I 6 0a -y. jjiSOl ^_p«xJ Sj^i «U, J^-Ij J i-yujl Vr-'jJ-l j^-j" 
SJc-jJI tki .4UJ iyk* aUliV i^jU jfiij ij-U- JU 0j5iV d->- Sj> 3U, 
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JuUoIi $& tOJJtf .J-ISJI gjsp UART tfj£ ^JUI 8048 J JL* £>y ^ 805 1 
ROM j 4«U) J»-b apU Jp 1985 iu* J^of ^JUl <L»j 16 i*~j 8096 ^ywJl 
Sjujut- 2^>-f jl^i-L ^ .UART j ADC j £U- 232 U^ RAM j iU 8K a*^ 

. JjJaJlj ^fW-J jf "-^ l2jL-» <Sl~J>jt- jJl (%-AUI.I A--J^ <l>i» >iJUi> *-*J 

Classifying Microprocessor ^xiaJI obJUUI iii'i«v> 

oUiJl U*» »*■ of? J«- . iji-^iJI oli-Uii .t- j .-. fc J aJli^u i^UUJj ovU- jUxUrfl j£s 

1 JC5J J J| iyliJy o Jb-lj Ailij J* i£/u*aJI u-^U-lj ^-LiJl t^>vall £-Jl*ll t^f £-;jVl 

oU-UJD ^jLJl f~Ul Ow Jai ^ c - ^- < 2-4 > <-^' «j -^W c^'-r^J 
jJLoj <JjJbU AjjliJJ JUjM«_^f Ait; j;*»£i tlilli U^al J-^aill lJl» j J**^ 



ALU J (j^ ^Jl o%^Jl j-U> ^jf iL^Jl ,j>js- y> t-ijU a JI IJLa ^l—f . ULJ-I ojilb 
JJii $ 0.50 jj-Ixj 'jy* oJlj V »/<^-^l u^*i ^ u^J ^** *-W* f^' *^* Co^v'f 

jjkJll •jj O^LvOj 4 Oli i|ji*aJI CjU-ULI ^l.»y*« . ivoU- oU,.k"J e^iSL frLj C~Jtj 

. O^yOJ 8 4a»J iijA^O Ol>-lA4 _ 1 

. iw>_} 1 6 4a»j 4j jA-^» ol^-l** __ 2 

. aJUoj 3 2 i»»»j iu Jw oL>-U^ 3 

; (UywaJl obi-Uil ji> ^ 4M1J.I olijSU ^ iju\j *ii iul^X.i i/UUi JJ AiL^[ 

,<JU>jJl jc-Siyb _ 4 

. OjIa* <j>*»i; i£jJw p-Jl*-* (J^J ijliJl ^j^aJLvasLl jj^j JjtM Unit c-jj J5CJ ^jm 

Si,^. (^UJId ^_ywJI g-'Ull U5L* . ijL^Vl USUI ^f (i^LJb STANDARD • 
J^IJUI Uf . *&£j ^ljUpj oUUy o*ly ^^J ^Jb^u-Jj iilij _ Jp - CPU -j 

.^.UJI MPU J i^jl>- ^ JJUllj 
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*L^tj 1 6 _j i£yu* ffjl"* 



J 



•lL«>J 1 6 mt ^jk^\ l_Jji*U-l 



f 




iU»j 32 _j i£j*^> gJU* 






(2.4) JSLUI 

S^S"! j> CPU ^yi t5j*^ £-"■*" c^ • Oi^l (>* **^J ti <^i iS./"-" VJ* - ^ - : /^ • 

. JLJUll JJLy ^yoy Jjlj (RAM j ROM) 

. («4Jl Sjjj <yj ,j~ij) i*JL«J ,_^oj*Jl JLidl jjJ : SjjJlJI <yj CYCLE TIME • 

ijj^Uj it>Lw ciih* 1 0^>«~» (Jp jJJJ jJl CjUJjuJI lilij *- T oj^ (£1 Ol*^ £-*J 



202 



J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



41JI o^L^Jl oJL* Jii . ijLjJl j»jJ cj%/oj 6 (_il_p- Jii>- t ^£c LLfcP . oj^i» iUL 

. Uk£ l^j 6 4 

obijf t^ry* &■*>. J*^' i-isai OJUil JU-Sjl) <u£> *JL>*i~u :NMOSjf PMOS • 

.(aJL, 

ja i-c-jAjt ^ J-> ^ - "l 1 ajjjJI plain^u-l *i» B^^JbLlji ia^ : .A r AvJI : STACK • 
jj^j « jjilj Uf .JLsidl iJL*p j MPU J>-Ij ^JU; i^xJU iJ^-ljJl o^jl^Jl 

. i/il i*jJl ,y -U^Ldl v_Jpf 0j& oJbjJL-i ^Lsaill J . ijS\ JL)| J^b 
NOjf AO Jul .Syjdl ob^JLl jjlp, obiUll jy :oUkUll .-INTERRUPTS • 

• *^ jV f- 1 * 

4-Bit MICROPROCESSORS oiluaj 4 &mu &>xuaJ! obJWI 

l^A-" Sr 1 ^ Jjf>* 0!>Uj 4 iuu ^>v*Jl gJUll j~Ju tiJijUl ijs-Ul ,y 

obU~D ^Vl j+l o^Uj 4 i^o INTEL 4004 ^ M . iju-dl ^l>| 
iLU.^^ SjJLyi ^JUJJ i^f 4004 50^1 c**^, 1971 fc-j^ljf^j .i^l 

uu 4004 Vji * o^t juj .oui ^i>^ ^uj r-rfj i J tijuai^lj.jj 

^~y) ti>f olS^i ik-lj, L,B cJ^I ^JJ j JiU^JI j, jjSfll cuUjf . Jl^Vl 

C/>Uj S^-F L>- l^ OU .^.U. jjljj ^ jyj., J ^ ( ^^ ^U,, 

iytfl iy^JI oU-Ull cJ^f r ' .(4040) u^Jb cJ-vi^lj 4Lp 4004" c^^f 
iu- i>vJl oU-Uil Of ^-y .4040 yu- ,>. ^UJ JpF 01^ ^*w ot>Uj 8 ^ 
^ c»* fjsll* (^>JI v^- "' 5 J^ tt-Ul olyUl j (^ Ijj^ c^J o^j 4 
iu- i,>v» oU-Ul TjUe ^ ^ cJlj ^ 1,^1 l^^K ^LikJV IjtJj .^f. 
cM\iJ\ ^ „^j ^b jU, \Jj t iiJbL| J .^AiiJLi o>Jl oli o^U-j 8 
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Jp JjVl Jill . iijk*}\ oU-UJJ oUJll ^~>A yy ja oj&i 5^Jl*dl iJ%*j 4 i*w 
NEC i_«>j_^fj NATIONAL SEMICONDUCTOR •_ r ^. COP400 > j. dJUi 
ibyli aiij > ^>^ ^JUi ^ CMOS j NMOS J COP400 JjS .UPD75XX 
CMOS J UPD75XX SJs^l j>j5 dL5J5 .Slij J iiUU o^ JSU, t> wtS jj| 

8-BIT MICROPROCESSORS &%*> j 8 **uu kjiuaJ! obdlxU 

ij«~j iywiJI CjU-UII «_• iZJ%0j 8 iiu~j 4j_^w»JI CjLLUII ^jijIjCJ t »jj| 

i-iL.*- jUJj SjJi ^Jil iL^»j 1 6 i**-j olili^l Of a-* . | » ; «../i"Jl ijpjj u— j>~ ilyy 1 6 
. JiVl iil£)l Sj~. JLilj cAiJaill ^ j*i£J ^L-L. ly ^ j£\ cj%*>j 8 (t ,.«„./dLi t s-j^f 
oLiliC SiJLrf- CJlS" iL>»j 1 6 Aju-j i^waJl CjU-UII i_Jpf 0l» ^L-VIj \1- * - ,.^ \^J 

ill& y JtSt Jfcjjj *£Jj ^aUI JSliJl Jl cllJi ajw V .Jb- ^aitJ ^ 48 jf 40 _, 
5iJ^ cJjJl tiUi J i^lwaJl cjUi>-UJ| cJl£ JLaa . oLi^Jll jt i.>LaaVl i^-UL 
j£\ cAHaa «JUj ,jJl cUas-UJl ^J j>Vl JXJ fjJlj . i.U oj_^x» DIPS -j— 40 _; 
Jjtjf tjliiil j^l>- -y; jkJl ,^1^ . /y* 40 J! oU»-ii Lji** oL ja J*f cJlj V 
<y "SfU-c-l JtS^Vl £>JI pJly* ^Ull sju-gi aiijJlji ^>JI gJUil Ci4» i*KJl 

cJbJof ^Jl i INTEL 8008 cJlS" pJl o!>Uj 8 iu^ i^yJl oU-Ull «J}L,f 
^IjibU i£/w ^JU** 8008 0>& d)f «-?- J JUu> (I . 1973 _ 1972 *U J 
l^ly-L ikoJll LJjjkJl) DATA POINT J liiLiJU ^^p iuU ^^d J, t U*Jl 

l^Jbf i.»j.A£j 8008 |^w»j iJ% pJlP jUp^Ij Jbi-fc ^. ISj .(JjVl J-*i3l J *i^>jA 

* * 

oLywh ^UN ,>i>-Vl SjIaII oy^jil «Lif ^ytivsuj INTEL iij*. ^i\ IJu» 

{JLsoVl ol ,«.. « ylS . l l vjJLlj ^ CJUiJ ^Jl 0>%^»J 8 i»«j <UjJwtll kliU-Uil il^^x . iijlyw 

^v-LjJl iijJtvaJI oli-Lxil tju J -jt.lxi viUJ5 .^l J] £<-£•• (ju LfsdjLyv- *jjIa*j 

oUL-Ull Sfjf jr*^** ■ t^^Uoj 8 _; Si^i* 4iUj ,Jp Jj^LsaJl oIjj-wU-Ij cj^vsj 8 _j 

,(3_4) JSCiJl ^ ijUil Cji J* jJl 0!Ay»j 8 _; V-UJI AjjiyJl 
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INTEL (oiLusj 8 4Aiou ijjiuaJI obJbJU) 
. Jj-Jl Jl J^af ^y ^^ ^JUw Jjf INTEL 8 8 Jj ii^l 8 08 SO^Jl cJlS" 
<uLi*» *laL {_$j>-\ *ij*~o cjUL-Lc» ; u*. jlj^Vl JJ cJl»of 808 j_^U ^ o jjj^» Jj«j 
1*1* JjKill 8080 S-b-jJl Ui ^^ tUj** .iy» iiUii *~«Uaj 2J* La^V cJUaf ^ 
l^bii uibji iSjJ Jjf INTEL cJtf ^UUi JJ iiUJ .JI^Vl J 5y JtfVl ^UJ^Ij 
ola" l^ibf dV l^lai 8080 J ^-UJl i>j\j*i^\ li* •_,.£ .oLfl_^JIj i^oJl J5\ij jjad 
Jp _^f icu-j" jo^Ej S^ij 8080 JjUI tjjUail J»oI .oLaJadl ^o ^dSG tils' Jb'-Ui 
Jii j^Ul ^bJ^I of £_. pJI i>UJ ^U (8080) oJL*-jJI cJljM .Iao>j cJLtij JiVl 
JjU, 8085 ja SJb-lj L^ fU 4 pJl . 8085 ii_^aJl pJUil i^L^-j I^JS L^U Jji; 
^Jl ZILOG Z80 Jl v-JL J«» V^l t/y • o">Uy 8 U^ iy^ oU-U. iujf JS 

O^VJ 8 i*~J *jyu0 CjL>-L<w ii»5W J5\J o«b»-lj_}l Ijvujj SJl>j Ofel* 20 (JU^- * v" 

.b»> INTEL 

MOTOROLA (O^Ua-5 8 &uuj ij^iuaJI oLaJWI) 

015" .(8080) o^jD ^jjUa^S" MOTOROLA JJ <y (6800) SJb^Jl cuUof 
tCjiwill »_jja«iU-I ii«Ji S^^L^ jj* *j 8 008 ^ .< 4l s.1l Ji 68 00 ».»<>.vaj 01 jh^JIjJI /j^ 
Jp olSj^iJI jj^uu a^fj ^ **_^Ij (8080) J JLUIJI iJLSCj.1 ^^ UJJU* 6800 SJb^U 
6800 a>-jJl .(4-4) JCUI J ;L~. (6800) U^-jll aJWjJI a-KJ.1 . J»~Jl tS>*wi 
oV-l <i^ jJLp 6800 J ^ i(lJU»-lj Jsuii 8080 SJu-^Jl JjJLc) Oij«*>«jC Sj^jf 
Jj'^l lil 2^' Jf-" li- 11 ( IX ) U^ 1 ^ lM 3 J 8 *— 680 ° Sjb -J JI liUiif • ;UUJ| O* 1 ^ 1 

of iiSU o!>U- r-Ji; »j*f M^ ^ c^ ( 8080 ) '-^jJ 1 "-^ ^ .ojS'lJJl J ij>J.I 

^*j .8080 JLhj cJL>-jf l^jS 1 iiJb- 6800 oUJL»i ,j-5v<j . S^Liw* iL^j ^jJ J^j«i*«j 

i_^>-j .8080 olJb-j JJ i*U oj^^flj ^U-. L^j IJLJuJ jS\ U Jls- JJ Oj£d J~c 

. }bi f-^»Vl y> ■jj j> V../tll l jdl - UU {y> LI JjiJI "_/>^ ijjUUJU aJUjcuJII *aJ»jJI 

6 8 00 «^. j^-UJl 8080 ijlif ^-J *laVl j **~J>\J\ olijyiJI t_JLpf Jv«i 
yji" .6800jf 8080 j* ^r"Vl ro>*J' J^&k j&J — ^'-V iLii« l^j'bf— ^LaJI 
4»Lj 8080A-1j 8080A-2j 2MHZ **lw ^LaJt 8080A r^j ^oLc S^t, 8 080 
6 8 00 yjiT aJLULS" .(8080A-2 -^ JJLi g^f oUjU; Sjjj 8080A-1 U^) 3MHZ 
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(4.4) JSCJJ! 
6800 Ue-jU SJWjJI USUI 



iej* d\ WJI oVJOw ^ V * JU- if Jp . 1MHZ i*L, 6800 iJi^Jl ^JLi^J 
oj>Ul oUoJl ^L^ Ai=-LJl Jic .v-LJtJl 8080A i_iwi ,y» JL-.UJI 6800 XJb^Jl 

Jlaw i,^ oLJIju 8080 JwCU-j kJ-U^j .*5^)l !Jb-jJ 4JUIJJI liyu^\ "fjli 

.{jj ipL. J**i~; ^ dLUJ .6800 JL. i>-^Jl 0UJU1II ,yj^ l - ji **'» v^J 
iJl*j^2 J*>U vr-S^Jl ^UJUxJI JLiJ .^LiJU 6 80 Qj 8080 olOs-^J fUll *bVl 

. JjJlfi _^p aJUa«1I ijlill . ^jJivaJl i_>j*aU-l ^ J^ (J* 1 

.tjy^LsJI ui^Ij^I 0^ J-^ J* <S"^ gr*^ -^j ^J 1 *^ ^^ c>-»-f 0j£u» 
(_j^ Of *Asrj 6800j 8080 &jli« X* .^Li p-^jji {J *^i *^ ^ji^ tl»j*fi 
of •j5lc ^ iytvJl ol^-Ull y> Jb-I_j J* ^j-<f eJLU j£s o^U»j 8 _; o!)L^j 8 

._^-Vl <J* fj~"f iU»j 1 6 X £j%0j 8 ^j-^ JL& Oj£J 

8080 5JL>-jJl of JjVl .6b5~- Ijylt U j-V 6800 U*-_jJL 8080 iijUu u?~ 
<WWl oLyull «I* .+12V j -5V +5V iSJlrffll «UaiJ cAy^-* 4&U (i-lLs 
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l^Ui" J**i-J INTEL cJlS' \^>- cJj J cJ>of 8080 ij*-ji\ OV \^, <ujjJ> CJ15" 
(5jx^ 6800 iJb^l ULk; JjUIL .MPU Jp RAM J^JI c-^Sjd aJULjJI S/IJUJ 
. -LiUiJ cjljLi| <j>?y* / ij .^xo.ii if* J^Jtj ^JUl 4i_iUil Jp 01*-" jj£ '■^■Mj J*** Jb-lj 

iJ-Uo 0_}5o Of t i«lp »Jj-^»J i ,j&: V ioL^SCII AjlUaJJ Jau*»J jJUa* Jj^-J -jP i>J-l «JL* 
Jp oL>jX«j ii!)U JjIp i_..LU:* ,_^i IJU ilUi S^l i J**i«J i»jJaJ,l cJlS' li[ . iiJaJ-l J 

.+12V j -5V t +5V ^j ^jJUl 

yj oUUl JiU » aii-J Of 8080 Jp «_^i j^. 40 _; i_AJUJ. SjJj* l^V tLlI 
oULJI Jil! gt-jjJj lij (^jjj-aJI ,>• . iSU Sjjj J£] Tl ilU-l j!)l>- ow^l cjLojLw 
cJL^il l,Ju>- .8228 SJb-jJl iUjku JaiLi ^f iiU»l ^J SaLjj i£U i *i . rj^-' J**- 1 

. *Ij»jJI Jl JlJtJjl J-Jt J& JakiJLl OLSj fcj^. iilijl «JLa -jSJ (1 Syi JjV 8080 SJb-jJl 
Jj jJiJl Jicj iiJ«I-l J .iU«Jl »JIa Jp t-U^u cJUjj ^.p-i 8 228 SJ>-jJl cJl^of 
^JLpV i»JL>^uJll 68 00 iyku CjIjjj5^ aJp ^^wij 8080 i*jkul! Of ,jui il»l5J*l i»_jJiJ,l 
4>-j^ Lajf j£ij OjLLJI JiU i^iVlj >i_ij_ji)l Ja2i ^pj 8 2 28 y,^ diii «_«j . oUJadl 
Jbo i^Jai. c~J ill* ^ 8080jf 6800 J_p- -Lull io^kdl .oULJl JiU ujaUSL 
l<iily 0j5J of iJUatf 6800_jf 8080 *Jic-J jJl oU^kll t-Ji-f .JLi*Jl •_,» Jjif 
ijyjJl Jiiy jj> J£5 c-jlf^-jll J^oi-J Of IfcU »_-£ .TTL J Jb-lj J> -j* _^f A^p 

.dUi i_JkJ 6800 ■jSJ oLLJI JiU tiUJ **y 8080 U^-jJl v_Jk; V .oUUlj 
rk£ ifJUJI ijivaJl oU-Uil oJlk -_^ tjlS" Of Jas-V . l^-«iJ ,_/> oU_^3,l jJlP_) JlljjJl iJU- 

THE SECOND SOURCES luUJI jjLuall 

j-Uall *^ .^.IkJl jjpj i^UiJl :iJUl jiUall -j^ OlpjtJ Jbr-jj apLsoU -L-JL 
...o-saJI cJ*«J JUi 4>UiJl jjp Uf . OilvVl -j«i^ll ,»-* ij\Jr oLJUjI ^UaJl jUl 

(Jj) (J-^^' TT^J*^ i^ ( 'j*" J . iijLka *J_jSL« «_r;j _^-l ^—'.sa.« : lfr,,»ai ,_,* i>«-IjJl 
dUi A-jy . IJLoVl iJ^ll oU-« ^ JU; Of SOjjJrl ijSUU -jiCc . ( Jsiif 0L>-Vl ^^j 
iXai-l jj hj£L~*}\j AjpUaJI obj^UI »_Jpf aJIu 11 (3j-JI J Ijlji^l fy SjIp ^jfi 

.ijSUJJ Jk"Y' Jj^l J ^-"J 
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^ iJUJI jiUail ^808 Ol-I^-J i—JLi-f 0^ \*y*J . iSUjJl « _> ' ... /i . - J iijjjv* oUU*j 

a 

S Jb~j *_» >>Ldlj *?~w» roy y> li-^ 1 AMD ^ AMD 9080 *&* ,_^i . Ju.llkJ ^ 
TEXAS INSTRUMENTS ^ g^-dl 80 80j ioU»l Jtffj £^J ^A ^JDl 808 
0L~»Vl t$f t8080 -_« J-»l£)l i«j*~^« oU^ll oJLA *_JLpf o^~pI . (0LUI J) NEC j 

tiLiP i^jyOwsA* J-! j^ A>«idl \j*~f&\ oli-Ull ^t f-LlI J-iiil i-j-Ipi ts-^J lSjs^ -Ail 

Oyu S1JS . oU-IjJ.1 |»-**fljj AJLaII OjJ-\ Jp JjvaJ-l ^Ijj.V jf £-iJ\ Aytftj U| 

ill Jb Jl AMD jjfi ijju tiAl*» . I JL>- 7^»'j Jj-Jl Jp iJliJl -pLall jytl df jJLj 
SJb-jU jU— Vl i'jjA JP w-Xi U . icJLiJI iywill Oli-Ull Jp «js^l jIju-VI v_Jj>- 
Ujlxp oijJl dJUS J . 1975 ixJ SjJiLl ^la^Vl j. lJl>-lj 0LS" ti^Ltil r^J 8080 
^ jp AMD c-iUf (100 jp JilV oL^,) $70-, 8080 -^j INTEL cJtf 
j£J Jifjf $ 12 Jl^ AMD £&! j. 9080 _^u- £_v^f fc^, jj^ JLw .$ 35 _. 9080 

j>j>-Vl jycuail Lsojf jfr^ £-0" '*** ^ cy*^ 1 o* • **s~i <*>*>>il £-^* ,1 INTEL 
j. Jif Jl 8080 jU-f c~a*>*}\ 1985 iu- Jj . ^jU-f JjJbd iilijl ( _ r iJ C^jUoU 
j. JLJl Sj^wiII oU-Uil ,j>waji jf »-^ljJl ,j*J cUUJU h^zSj . i£j^±\ jlJUUl) $ 1 

. iilij J5 J jUljr^f Oj^-ii ^-SI^JI J I j-Jtf Ij^S cjL»SCj (v^rlij I^^u-j 1 

jJl tiUoj 1 6 <x~j *eyw»Jl oU-Ull i_J^f Jp i>-jjJI iJ Jcj e^jUf aJU-I J,U.o "V 

.$ 70 ijJ^ t ^Li INTEL 80286 Ji* JUll »bVl oli U\iJ\ of ^ $ 10 Jl^> ^jilSS 

Ijj^l-o Of «— J; i)U<»J 3 2 i>uJl Oli ij?-i^*JI *i^»waJI oULUil ,yC^aj> 0V l^laj 

JUi JLJl L^ibf i»pjJ V^JlyJ i3j^ 0^^' < - ) Vj p-frwUd; ^ i^LJl cJjjUall iuk«i 

.$ 300 Jl $ 150 ,y U^l- ^iijl 

Ji« juJUoLI ,jA*j c*>-j>-\ . SJU jiL<x» JL-ximMI Sj-ixll iijX^iJI oUj-Uil /<--*Jr 
(6502 J 6800 IJa-jiS S^iL. oLjUi. (U>-V Commodore If^JLul) MOS ^23 
.^^f ^UaJ Jj LJ j*&^. .(Z80) 8 80 oJb*-^ oLjUi. oby-Vl c-^-^f 1^ 
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ROCKWELL olda.j 
cJUa>- .6800j 8080 4_jjL-a* J^-f ,y ROCKWELL R6500 cJb^f 
ijjSLjJl oliJdU i^Ll* JJlij *pU« ^ l^U-l** (t ^ W u ot^ Jp ROCKWELL 
ij^r\ JJU *_* i*>«~u l^L R6500 SJb-^ll jU . R6500 J If&tj i^^-Jl OljJJlj 
IjJfci R6500 SJ^I o^>- . Jli jJUai £>ji LSJU» ,y.j MOTOROLA ^ (6 800) 
CMOS iji^ <y ~<-*y~d\ ROCKWELL R6501 ittUu jjlk. c^w»fj NHOS 
. ol^tyj q>! J* **L. £-• CPU !_^ff ii« & R6500 %L1p cJJb . iilUJ i_JiJLI 
CPUs olJb-_j «_j^ JjS .vrjl>- oIpLj <$?->• CPU ax«. ,y R6501 Ja>- i-aILi 
oL~» ilb-^l. •_•£* .3MHZ j 2j 1 £JLJI J \S .dk*% _,f dL.^ oliU. ^ l*j 
J*ii CMOS »jJL| iju .2MHZ CPUS J Uj_rf£Jl i 51 ^ ^^-1 ijUc CMOS Ja>- 
0s»- CMOS goji t-ikj . NMOS iSU^ 700-800mW £_* iijlalL (ilj J*) 40mw 
. J*Li»-VI JLi Owy jLj -j* jjv.f jjiwi 1 JaJii Jap % J-i-ioJl 

NATIONAL SEMICONDUCTOR oIjaj 

c^L-^j 8 a- «, ...^ > National Semiconductor ol_JL.|__n_* iLJL-. i,.aJL_ lJ 
Z80 ^ Sj&l NSC800 <y> Sli^l . J.IS3I £-iJl f U» ,*~w* £l^Vl a& Ujf Uy> 
JukUl oliiyi J**- ^ illjiJftb Jfciij CPU J J,*. ^JUI ^l (-;>**!l gJUl 
.NSC858 UARTj NSC 810 ROM JiL. cJ^ SUj ^yi ^Jl 80 8 5 £_. <**~j1I 
•/js* l?*J V^l J—H ^»J> ^ 50mW J"** CMOS j NSC800 Sj^r dil^-J 
2.5MHZ ipL, ^ ^UJI NSC800j 1.0MHZ i_*U £_« NSC800-1 :goli «*t. 
S^i. oU-Lu" Sjjj> Jl 4.0MHZ «Uj J^jfl Of ^ .4.0MHZ *pL- £_* NSC800-4j 

. SJtt jj5L. 1 . 

J*b CPU 5J^-j NATIONAL cJIp JU» Ujb-jJ NSC800 oL< JJ *iU>[ 
& 2K j ROM ,y 4K _, **tf ^i^Jl *U- . 1.6"x3.3" xO.45" ^>*» ^jJe- gji 
«_o Xp .oLfljJI ,y lS\j* g-A^jij <*jiax* ~**L*j iJlj-uj hj\yj> *j\yj RAM 
i*^ i5>-*Jl lj^-LLIj Vkrf^ 1 "UJI J-A-^J MA2000J ^.L-Vl JaUJ.1 ^ij-JI 
viUi £-y tJLS'f jjp NSC800 J,.a:.,... df jJL. . J^UaJ^ «>*Ur *pj*>J.I ^.^ o!>U»j 8 

. iJlill jiUll j» \j£S '^pj jJLmJ OVl j>- cJlj ^Ai 
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^ NATIONAL 32000 iLJL, J j*ip I^Vj .NS32008y>j NATIONAL J «lo^ 

8MHZj 6 ^iUo £j%#j8 i^w NS32O08 SJb-^Jl y_£f .J^iJl IJL* J iL*y 32 
. iJlS jiU 1 00 H oUJU; Sj_,i ^j *J, 10MHZ ^<JI dJUiS 

COMMODORE oIjaj 

^f -^ SJb-1j 6502 Co*-*»( oU-v-* 51 J*-^ J COMMODORE j^Ji JOu 
jjti J&-J . "Wsy-jJI <L*a>«-iJl v_*—wljJ-lj jjJUiJl i_jUJI (j cJUjcujI (ill <jjjua!I ol4-Uil 
*Pj~j f-U 6502 Oj*u-l i a-*JI ^Ui* J* PC Jjjwj Jlj-<Vl J _^JLoiJI L_iUJf Ljjk 
•^ SJb-j JjJj« Lyb" C-jjiil 198 5 i~< J U>-Xj .$ 2 ^ JiL Ujl^Ji jZs <;V Lcj 
■^ 1-J I^IS" -jjJlII MOTOROLA J ^iJLdJl ^j^U JJ -^ 6502 e— ,* .olilijJl 
L^LJUj le-y^-i iJWjdl l^^W-y L^liU jvJij o^i fy-Vl l^f ki>-9-j . 6800 .^.sal i»ji 

. 6800 Jl I Jl?- ^jy U^. 

^f -^ rt-pjJlj Oi^j^l cj-"k^ 6502 a-jj -JP Commodore cUSjj 1986 ii-i j 
{y> iik£ joli J Sjiyu 6502 cJlj N S$$S . i^UU *4~~*\j>- J ULj*1w»L \jj+z*\ 
) Rockwell tiJli -pU* ,>. 6MHZ j?-j 4MHZ ,>. fjJ oU^ CMOS j NMOS 
•^ Ojjk; ^Jl 6502 JJb-j yi ik-"*. jtf^l .Western ^Uu _j5yy NCR j GTE 
Standard j NCR ja J5 ^ Jtf; . oVj^l »L-lf olJ^ Jj v-UJI ^uywJI oLLUl 
«.L J^-f ,y .i-j-LiJI iJiLl ^L£* ^ tj^S" 6 502 SJb-jJI Microsystems Corporation 
iS^-Vl i-Lill 1.5*4-1 ^ 6502 CPU jJ^o^. £_»Jb cSjaUM , «./.-, II i^l4-l olilijl 
. l^UJd i^li-l oUkdl v-—*. iildL j^S^Jl iJik*j RAM _, ROM ^ ^1 

RCA Ola*} 
RCA CDP 1800 £&! ,>* o5U_, 8 **-j oU-Ull *L±* t^JLpVl J* io^x*l 
iyi l|=Uw« cJlj Vj 1 1974 _ 1973 aa— ci>of . SJUiJl o5*v»>JI iU J U>- SJuUa 
CMOS 4jX2i l^ «_ril JUniJ ^r . ^yuiJkl «-i_^l J *^>dl oUJaj J UUjcl-V 
*L U5^b 1802 CPU •Jb-jU . ijlkJJ ifL^sai «lkJL J^u ^J| iLadl oUUdl j 
3L4JLI Ji-i^. l^KJL. ^Jl o5U«- 16X16 Huk^ *L^\jj oULJ I iJjL. JauJ . O^WJI 
1802 CPU SJl^Jl j£» .oUL o5U--jt oULJJ ol^^jf *m\*#a ^-1^ ii»bl JL*^ 
^ili ciJUJtf jiyo- .5.0MHZ ipLo 1802B j 3.2MHZ ^Lo 1802A U" u?r'^. 
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Jp { jyu^\ l-j^U-I 1 1804A SO^-jJL iLXJl fj . iilij J RAM H i>*JI ol+ULl 

.SUj J ROM J iU 2K j RAM_, 4LI&I Z-b-lj tftf, 

Zilog oljaj 

Los J Zilog i*»UL.| j^iSyi IjLulj Intel iSj-i 8080 SJb-jJ (j^^aa SMJ ily 
i^si .CojJI i~~£. i Exxon y fj j> Zilog .(Silicon Valley J* JJall) Altos 
•j^ Sj-w» ^j*^? Zilog ofjo .Silicon Valley olSjJ; v_Ji-f j/as.ail i^-LLo Zilog 

o-L>-j Lfs-llij Jjf oLS - . oVj*rf»jil oL-il ipLu<9 j in^ji iSjJi C^-^lj C-jujjjj l JV""- ) ^'' 

if-L,j 8080 S-l>-pi t Z80 t y k ^u .8080 i-jjLxJ *-w <_sJJl ^yu^aJI £-11*1.1 <Z80 
,*>~~S .SjjA* islij J* l5j>-V| v 1 ^*)" Jj^ 1 <J^*iJ 8228 iyJai* -lajUsy 8224 
7f-*^J. iSj£ Vs^J' °^* Ji? .8080 cL*JUj ie-j+jt *_« bjjw> Z80 oUJUj apj** 
J UU- Z80 Jjj . iJUl oUJU; tfjl Z80 cJlS" jJj js- Z80 i.^ J y 1^ SO 8 
.8MHZ j 6MHZ as/u 0^U« -jjJUl CMOS j NMOS uROj*Jl ,>■ J 5 " 

ijLL. Sjj^ju Z80 USLa «_a" .Z80J J^IjJI (fr -ksll ,jv* (5-4) JiCiJl J 

hujui iUfcUol jl <JL>-I jJl 0^\>«*Jl "^ juS" jJLP L«l j&jA 0^1>«~JI oJl» J**X«J l)I 
iljLJ. is^^aw 5j_jvaj <U.X>«i«~» o!)l>«*JI -j^BankS ii*»jVl oJlA . 4*J»Ull {y> SjAa tfjZ**! 

t S^aLI i««]»UlL) jb&> L-ij liU JU . ijwj .pi J*»-*j f-*^' 7t— j eS^ - •^JUJLS' . ixtUil 
^•Ui. j^j dUi -^ VJbj . Ui» PC Iop L* t SJUiJil Jl J^— t^f A..-0 £*-U- a^ V 
JJjJl o!)l>w ^ i*jAjf iJtflj 808 o!>l»w «_» *■ J>«— <-A~ ^ j JS - jj— j£i ,i_Lv»jJl 

. Z80 J iI>L*Jl SjOi jj*j Lt 
^Uill RAM o/IJJ ^*-J jJl ilUUll J/IJUI .k^" o^y.^ dUJi" Sjff Z80 

UIp Z80 kJL-J r-yi J.«.«i~j li-j^ Uuf iyJtllj iJlliJl RAM JL/jJ JiUj -^ j^ j^l 

•yi 0l>«j fJlic-o :^jf .8080 J L«JL ij^t Jit ^y-t Uy Z80J 4UJ£ 
y.jS' ObJI OLJU oULdl oJLA .iiL^l oUJbu j^xl 8080 J il**iJ.I j& oLJUdl 
j^iUdl SJb-j jj- aJ»L-j ,y.j . J**xJil j^ 8080 yj ^ JjVl iliLl .oUUjJJ 
dUi 1^ oUU- 4_, oLJUJl Juu Z80JU dUU .*-^- i^A**-' 1 J*^ ^ Z80J 
Z80 oVJ <i>^ oUJxJI J) aUl .oUUdl oUU OiW ^S"Vl Jp 808 
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o* £■=* • ^ !>j^ U t*"^!! J* «> *M»lil oUJxJli JJjlII JJUjj JJUVl 
jj* yji _^t fj^ Jp Jj**J-l ,j£r dUi £_4j . ^f iJLijj ^f ^_A y u^ .Ju 

iilkU j^ jXa. i»JJai, (Jwi Jb-lj 8080 J) UkUJU jju^s 5j^ Z80 : Lli 
aa* itfjf ,>lssJ.I *b¥l Ul Lfei J^-Iji ^J| oVli-l J .(aWB 8080 «JUaSi) yL^£Jl 

. 8080 J i^JL J^aiVl *bVl 5>. Z80 S0>-_^LU totfli^l 

(bttJI SjaIJ) Intel 

oLjUall a^-j j JL.U JJ ^ Intel ^i .8080 oJ^JU i.JiII Xs- Intel bS"_J 
cu»Jij i>^l l^UUU. Ijbr l^j cjJj JUiJ .8080 ^j^^aJI gJUll JJb- J SJbJLiJl 

: Jj U i\ «.va.-« Jj-I_^ i?5W f JL2j Intel **i djLS" . Ijuo>- WiJl 

. i_iJ>Jl olilijj ol^l JJI (Jp-j oUUl ^ J.15* ^ U* *U ** jJl olJ^SU tJOaJ _ 1 

. l$£f jj_j LAjLi^lj oUjjJaJ.1 , < ; i>., (i* ^j. ^ . ,7 . ) oj^ku oUpai* C-«.».»f 2 

. ioUJl Jj^aiJl j Aij-^« "i^JI ol*Jj jj^kJI iJalf 
JjL*jj jj^lidl Ajjiilj «JU>- oLfl^J Jit *~<wax)l CjIjjI jty jl *^ij 01 rt-fil jj^ 

jf -j£c j^Lall ei*j ?-Ucj r^^l uw>mJ -ijjj^ i_** 0%^ SlS'UJtl Jt«) jl^-Vl 
IJL* l yj> *Ji ^A Jill (juCUoil /j-o AJu . jj^Uail {j* 4*»~s>j iJL» SAc-L^a o^S /y j*£> 
Ijl»- U-kJ} OjSo of •_•&: j^ll t5ji-^» £-Jl«<« -ulij a^j^S" *Ji JiJ-l *j*J . JUI -*JJI 

. Jj^-Vl J^Jl J*l<Jl p*JJl Jl i-UJJ cJ>i l^V Intel J jUpVI *Ua*] ^ 

*bf olivs'lji^j iij** iiiS^; jS'Lill J^ ^JJI ja iSj^ p~^» J-^*f of U?-N t^.^-* 

. 8080 « J>-^JLJ «_. Jji\ ^1>JL! L-L-f U- 

JJlij *-**£ j£s tijJdl ^JL2j ^ .8080 J £J>-UI ^"Vl Jj 0^1 ^frj^- 
CU-saJ ^Jl 8085 SJ^-jJl Intel c-«-..,* ^iJUJJ .Sj_^. iili, Jp 8080 l^-k^ jJl iiL^i 
SOj-jJI J**j .Sj^a. i»Uj Jp 8080 tSj^\ «JUllj 8228 ^Uil laA+sj 8224 apL. 
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o\j^\ ol>o>i Jji . (3MHZ ^f) 8080A -^ sa^-j £jj JjUj iPj-u I^Ull 8085AH 

.6MHZ *pLo 8085AH-1 j 5MHZ *pI~o 8085AH-2 U»j 

■j53 ij^l ^jL^Jju yjy 8080 *-. Lfl^j i*>*~a* 8085 SJb-jJli 1Z8O Jlo 

. JbM IJLa JL* i_AJji, JJLdl 

(jSLSJI iJi* JJij Of »--?r '-W*" J*-"j^" (♦ J r t: *~ */?*^ <*jtil 808 5 5Jb-jj| c..» «. v <r 
Ltfjj ol t ^c <jJl iilul! oLisljj JjUj JLJlj i*»l>- S^Sli cJjJl l _ r i J cJL>of . L^i 
olilij ^L>!AJ ^ Jjf Jb^J 4*1* 8 8 5 J i.jJil« n^J- ^s .8085 Jily *_^ S^JiL. 
J .iitu JJL-W (RAM ,y <JZ 256j ROM 2K ) S/lij ^ ^JU* L^i U 

. 8085j 8080 Oy ^jIa* Oir 4 ( 6 - 4 ) J^ 1 

e-j^jf J} ^L-Jli L^LJ 1^1 oci\ij j\ IU>-lj iSlij (j^a j^m *if °j~£N oUjliAl j 
JLJlj) ixJaliJJ 4j_j~j oLji~« i«jjf 8 08 5 jiy .lj~* 8085 «Jb-jJU p-.-saJ IJJ tCjUli^Jl 
liAlJj i>^rSj . -j— 40 j^^f t^j^ i_aU.« Jl II* J* J^aJ-l wJUai; .(^ytljj (/jjXm»* 

Jp oUjJUUi *^>0 80 80 oljJ r-jJU <l)f e^jUJI jSjbj . oljJ r-j'w 3j»-j i_ik-.j 
. i*a^i>«ll ^jia^~\ Jji iJU» *£^ oljU»[ 8 085 fy cJjJl li* J .CjULJI Jjlj 

JS Jt-j)/ oUUl JiU J**i~. dUJU . oULJI J»U ol^aJL r-jJJ ^i villi *_*j 
iJUill cj^L/>yl _^gJii iU^j 16^* iijip J-"'./ le*?*" • "^y^ cj^L^j 8j oULJI -yt 

. ii>jji jsl; ,> uuji iJLiJi o^u^ii ^j . ouui jju Jp jiJi 

«_jjJjj iL>-jL>- obui* .lysj-j t-'l la"; oliLJl JiU IJlft olyJaJl «_jjJLj (JJ jlaVlL 

jJl JULlI oLuly lJUlj l*>[$-\ S^IJUl J iJUb ^ i^illtjJl al* .JiHJ ol^L 
JULlI jJlij JLj«x-<I JL>- j Ur-jl^- LajUJI o>>J >iJL)i *_«j .808 5 *_• iy** oi>-jf 
. aJLp^IjJI cj%*>ji\ ^8085 i._jk-. ^Sji ^jyw JLJl J^iiJl J .^Lxp^I S^|jl)|_, 

oLo^kdl J IAUjc^.1 J olj** sa* j^li; 8080 «_« 8085 4jjLi« aiP ijLsa^-Vb 

i«>-j 4j\jj$£l\ yUail Op-Ij jJU«wj olJj5ll iJlp iiij iJUJl ip^^JI kj 2a ji^aJl 

LAUjc*uI ~Up t^jL-ji j^Isj Z80 «_^ 808 5 iijlio xs- . JiLoJLI (jJa>-j 4jJpIaJL1 cjL>»i«*4 
^A ojjJ^I tuUjJaJ.1 J . Jil &j~*j Jif oUJUy Jif o^^i IA »li U to^^ iijUjk^c 
*laVl <jf Ly*p <,_^Jb" .illliJl RAM oI^IJl) iJlIi Ja^" o^U- Z80 J 0j£. <jf '^ 
J (i>-^ jy^l Aj>- .« r — Ull t5>^all £_JU!l jL^V ^^1 jUil y> ^J UU. ^1 

.Jwaill tJL* il^ 
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8080 


8085 


Jj/Jll U-Ull !0>-j 


3 CHIPS: 






8080 + 8228 + CLOCK 


1 CHIP 


i*jj\ 


2(iSTO1.3fiS(8080A-l) 


1.3fiS 


VJ mi ;/IJJI £jJj 


300 NS 


450 NS 


*£\jj4£S\ tfUoll jJUu 5-b-j 


3 


1(+5V) 


oUJjcII **)** 


69 INSTRUCTIONS 


71 INSTRUCTIONS 


!.ljj)l ^.j 


—IDENTICAL 




oUtUll 


1 


5(3 MASKABLE) 


Uljdl JiW 





ONE IN, ONE OUT 



(6-4) JSLS1I 
8085 £• 8080 SJa-jJl ijliu 

Motorola ( iulill S/JJ _ oALloj 8 4*uij Zip** olaJbu) 
^j i>^<i|j Sjj-^j iiLyt SJb-lj j^j 68 00 j-« iSxi** jlLSj 5Jlo Motorola c~»JLs 
.JLp *bV c^w Cj%^jj 8 u^j \y«* oU-lv ^ 6809 SJb^l Udls .6809 
•jjjjij^ Sj^jm ijy* Cj\jJS 680 9 jijl •( 7 - 4 ) J&Jl J *^~» 6809 J iJWJlJI aJlSLAI 
U"j oULU ujU-i iwi>?i 6800 J^ .(Yj X ) JJjlU ujU-y (SjU ) oJUi-JJ 
6800 pt-*L5jj of t^f 6809 *-j Ui 6 800 CjUJUj A*j*f (♦■»*— ^ .B _j A dU^ll 
•y S^ oU-Lu di)i J) «U1 6809 SJb^Jl {MS . 6809 ^ *J^-j ._i£x. of j£s. 
Jill ^ dUo* .iljUilj 0>-lj iU^lj qUIj (^hJJ *Uj 16 Ji* aI^j 16 

oli r^l W^. 6809 J 1 ^ • i * JLi r" 5 ^ l > jCU -d "^ O^O 6 8°° f 6809 SJ> '-> Jl 
oLiJadl t-JLpf j 6800 SJLs-jJl lijJL^- C-JL-. -lij 6800 _> JlJLio<t)U iLUj ^-Jj *bf 
l,if 6800/6809 iUU^ (j.UjVl>>J iiUs-^1 *lJI) 1985 &«. yc JJ U J5" .Uj** 
Z80 JS\y- JL« c/>Uy 8 <^j iywJl oU-UJU i^-1 JtfVl JJliJl iLHJl iUIS 

.8080/8085^ 

(CiiL^a 8 Zxmij (b^u^JI Ol ^11 Kill) jJjaVI (j^uuai.1 

dJUJU . JjLdl akjJ oU~kJl_>f Ai/^JI oLiJaxlljf «Uill 0ljJ» Ji* J^-JJI £^l 
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oli-Ull sJLa tjfiyZ li-o- iJ^I j-**^ tJj^SLoJl jjj-iJIj AUiill ol^jt oliJbd 



oUUI Jili 



S3 






3 



IE 



rS^Jijsi; 



It 



no 



Z^i\ JiU 




(7-4) JSLSJI 
6 809 JJb-jU UtljJl UJUil 



8-Bit Single-Chip Microcomputers 

Jp n r »j-»UJJ V-J^l ^UaJI J£ *-*•£ ^s LSI JL& J olij&l iiliS' kL,^ 

. iiJij JiCJ .XJbdl ^ JJLi; iSlS Jl ip-lwi JUJbi jls t Uj^p . Sayt» «lij 

IK Of ,_/> Sjyi* iilij J* cJ%^3 8 i«~o ^jJwJl" v-jj^UJJ icj-ij^Jl Ujll 
j*^' ^Jl RAM U5 512 jf 256j J>-|jJl ^.li^Jl Jp ^^ 2K X 8 ROMjt 

4-1SU.I J AijJ^aJl 16 Jl J*JaiU ._p.il J^, 5/li, SJUadlj U^ljJl O^UJI 

Udlj o">U»j 8 aj^j cSywaJl i-j^U-I dJULc . Jibil cjilUi^J 1 6 Jl Jt^kUl JL* jUal 
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«JUJJ 4JU»j 1 6 i*~o iJjjJl JiUj cJ%*>j 8 i«^j 0UL0 JiU iJ^Vtll » Jljll oJLfc JjUj 
if^JLl JjU cJj* iliiJSj *pL. Syta iSjLc- iilijJl • J .». s fl.-J <iJUi JJ 4iU»j .^LaJI (^y^iJl 

Of t-j-r ,^il) ROM SjS'lJb _^jf isjl> iSLij J* Uil ^ywJt v_j^U-I of ct-~»- 

uf v_jij . (ii\ij\ o^jj JJ ,>» }+£■ g^ji ik-il^ Burned-In jr^Jdl jl«>-V ^yu 

t_w*ljJ-l ,_^Jtf t-^-Jl IJLA .»_j^>-Vl Ja>ij4«) iuL^^Jl oljjVlj i_jUIVI ^j* AjjJwaJl 

^ywaJI i_i^-»U-l ^ «j~£Jl w>L*53l J . T , -jp JU_jJ oL^ <Jp SjU ij>-ij^Jl 

.$1 -j* Jif «Jj iiLSJl ^^ii^J ia^it is\ij J* LiJJ 

Intel 8048/8049 
Motorola 6805 
Zilog Z80 

Intel 8051 : ^*.^"" oJL*j cj^K^oj 8 «u*«j 4jjAsoJI t_-_j— l_^J— 1 JLjcu*I _ / J1^j JjiJS 
6800 y iijJt* *i\ij po^i ^j Motorola 6801 j 8048 < Jb-jJl ^ jy« p-iji ^ ^1 
. General Instrument ■_,» PIC1600 ittU, National Semiconductor COP800 j 

. ojjJb ^J iiJtiJLI 5_>^>-^l ^^u- . UjIa» JjJ^- (8 _ 4) J£UI J jJ^ 



t^j*^* oj**U- 


Gl 


INTEL 


INTEL 


MOTOROLA 


MOTOROLA 


NATIONAL 


ZILOG 




PIC 1670 


8048H/ 
8049 


8051 


6601 


6805 


COP800 


28 


VaJI 


NMOS 


NAAOS 


NMOS, CMOS 


NMOS 


NMOS, CMOS 


CMOS 


NMOS 


(MHz) **L- 


4 


8 


12,16 


4 


4 


20 


8 


AOMoliW 


1KX 13 
BITS 


IK 


4KTO8K 


2K 


1KT0 4K 


1KTO4K 


2K 


RAMoUU 


64 


64 


128 TO 256 


128 


64 TO 176 


64 TO 192 


128 


*Jl=. JUU- 


NO 


YES 


YES 


YES 


YES 


NO 


YES 


\i\y 




AAANY 


MANY 




MANY 


MANY 


MANY 






VERSIONS 


VERSIONS 




VERSIONS 


VERSIONS 


VERSIONS 



(8.4)JSLiJl 
J%<aj 8 iu-j lijAA Slij Jp ilJjll i>vJl "----IjJ-l 



220 



J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



SfjJ ^ V i-« «lijJ iiiL* CjL*5o oUJlI . ilaa-^ll i*UJl JjIaJ-I <£-X>\ Js^I-J 

.v^-sA-J JlJ-1 y» \£ ess* *&j Jp Lldl ^jk^ai\ u-i^U-L jLo ^ . ii\ij\ dild U-Jj 
T ; -/«f kliUJD i»«-^ . 8jJcv« (jJbj *£■£*£■ iji ojsjS - oU^i f-lJ oliUjll oJLa oji O^jj ^f 
Ijj Afj i£\ij\i oUJUJI *pjaj*j 4J5LAI Jp- bL>j olJb-jJl J**^** ■j* Jaiii IJLi iJip 

oU-Ull ,jp g-^i [S «jjjdl» j-a <wi£ V Jj-Jl ju J^ jj ^yjJLl ^Vl IJL» .L-L-f 

Intel 8048 3.1*3 

jjp (jy^-^H ui^r^ 1 o^ 808 ° SJL^-^JI iASL* ^ 8048 SJb-jJl »-~Sy lS-j^ 
8048 SJl^jil .(9_4) J&JI J iu~. 8048 J iJUM jjl UsUl .Compatible ,jw>~^ 
jLJ RAM ,iyi . 64 _ *fe- _ ROM JLiij olij J* IK x 8 i*~» ROM 5/li 
*jl^lu«j . jU»l j£- A**** ^j^j u$ J^!** - *— *^jj olil>- (jL»ij !JUoi*j iUU- o^h^mu 

"J'j-* *^ f"^* <yj •J-* J ? ci-'-'f J* tir" ^^ J*^ **^* '•■>Ulf i8048 SJb>-jJ| 
16) ioyp JiUj (CjMm»j 8) ^Up^I oULJ! JjU Jxi-J ,jj| <J%<oj 8 U-o iiLuAJ 

SJl>-jJl yjl . 8080 oUJLxj *pj*!* ■_,*• ojjjr aJUo oUJUj ***** 8048 3Jb>-_jJU 

<L»jC~1I iL^jJl Jp JUI*jj) iJKJ.I JaMi ilsoj 4jF jU>-V SjJblJl c^yr^Vl J* t8048 

. (I* jl_}X*J 0jJbL» jiitJLi 

•^ Sj^jS" oU^ t5j4 l^ JS" . 8050j 8049 i.,jcJ\J>[ Oolij 8048 iL'l* &yL 
128 a*~j RAM ioJlj yiij Jp 2K x 8 ROM S/li 8049 SJb-jJLl .RAM j ROM 
JaiL dJJjtf .ill*. 256 iu-. RAM j 4K X 8 i*-; ROM S/li 8050 5 JL^U .iJU- 
lj~S il-lpf *^. t 8048 J jj*. joy ^ 8051 SO^Jl .8051 ittU y. J?-V 8048 



it-?- J**ll j^ EPROM gili jijJ ^ 805 1j 8048 o%'UJ v* 1 ^ 1 ! j^' 
_p«JLJ iLl* EPROM-j Sj^f 8048 ^a 8748 SJL^I . ^_*U^JI Cj-J-j jL^-l v^J^- 
S_^t EPROM ^y. 8749 iJb-jJl) V- 1 ^' ROM ,y VJO (UV) L>»-^Jl i5j» "<*^% 
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^ SjJlI oIa .^rj> »jLp1 *i ,yj v?<-~aJI ,jji i*J*Vl Uyt j£x tilUJ .(8049 _i 



1 jLat-Nl 




(9.4) J*JJ1 
8048 J iist-lJI USUI 



MOTOROLA 6805 SjajJI 

«jUj U 1MHZ -y. ^LUb Sjjp j>*3 jjijJ 4MHZ ipL. J*jc~J ^j .6800 ^^aJl 

Of CMOS j NMOS o^i^JL Syyll 6805 SJb-jil -_/xr ,^s ^ 5J& ijj* yj -up 

.RAM y <iU- 176 Jl 64 -yj ROM S/IJd i!U- 4K JJ IK ja >_ilb 
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gJUU l^a-.j sj>. *i\ij Jp Oy^ 1 (cjj)j (fU) l*^ 1 680 ° SJ> "> 11 ^ f 

SJjUU; Ja2J Jb-lj ^-t* SJ«>-jJJ .CPU ^ Jusisf a^-jJj j»jm 6 805 SOj-jU ^ i^^^-aJl 
*_»j . 6800 J iU>j 16 JjU* Cj%*j 5 y> IjSAJt^ yiJ-« ,y>j^j 6 800 J ^i^l f-» 
RAM j ROM -y iJLiJ oljJIi ■j^aij j>w gojfj l-^- • ■/■>*«*-• 6805 SOs-^li villi 



ZILOG Z8 SjatjJI 
2K ROM Si^ill otfJil tZ8 Jp LsjJLI ^JLaJI vj^-UJU ^L-Vl ^ull -j*.^. 
J^ oLJLdl Juki (»j>2j 8MHZ cJj^dl jjU-^ JLx^L . 144 _*UU-_ RAMj 
*4>rj* oUkli. «w._j UARTj C-JjiU ^IOp Miyj ./t.s iJ^ Jj^" 2 • 5 JJ 1.5 

. JJluJJ * Jl^. *£** c-^»i •>$* jbJKj . f-ji Jp JJliJ 

d!>U~.) tU 124 **~j ^ J^-y t Z8 ^ il>- 144 i*Jl oli RAM ■j^as? 
i.Ul jj^I^pMJ o^Jl jki . Jibil ti_J, c/&>w 4j *££ J>w 1 6j (i.lp ^I^pV 
•j£c dJJi J) SiLil .iilij Jp RAM pj& J^, (10_4) JSLJl J .^L-^il) iLLi L,it, 











;i,^-.ll 


S3 
340 

127 

4 
3 




- jfj*- 


-fl»J*-- 











(10.4) JSCiJl 
ai»j J* RAM J/IJU Z8 ^Jitf 
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ojOs tii!.L \*~*y> gjliU ^* oULj ZjS- (Cj\jJl, £-jjOj) JL-jV oUy J»V.m>; of 

.(11_4) jCiJi jliil Z8J £>jJI 

( j^ij rij*^ Z8 dVl y_ji .1987 iL^ J^>- Oj-L. 1 2 _» jJi; i^^oJl oU-Ull 

. ROM djJu gzj£ iJliJSj 4KROM 









21C 
II 

to 

1 



_ j ROM J. 
- RAM - 


W.U1I 


- ROM - 
3~r S»M 


- IRQ5 - 


« 


- IRQO - 









<n.4)J&Sll 
Z8 J UjuJl o^J 

^- . 12MHZ £^1 dJ»yi JJaI gotf Uajf v-L-Vl Z8 £_« *lj»-Vl *Aa ^jl5J 

.NMOS J^Vl JSUI j 1/ CMOS j* SiJOo. JIOL dUi J| iiUVL Z8 J^l 

. 1 985 i«. J Ijip ^-^fj [8 J* i3>iJ-l] SUPER 8 _. Z8 JUu *!*• ^JJl l ^J, 

. fSJ. O^U-j iili^l j oUU £U 352,, «lij ,> 16K l-jjUL. U 5/1 i SUPER 8 J 

rOjjkJl A«JU . i*J»liU jJU<24 3 7 J 5>c_**«jj jibil li^a OtA»w .xAp ^» JjJj Uijf (C*J 

. JjJi, 20MHZ cJjl J-U£ 5^*JI ^ ' 12MHZy» c^jj" Jo*? SUPER 8 J J\xS\ 

16-BIT MICROPROCESSORS £Loj 16 ixuu itfuell obJUil 

8 088 j INTEL 8086 SJ^S - iJUj 16 k^ iroill ^ji^a)! oU-Ui.1 JbJL£ ulS" 
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iju-j iijiA JilJ i— -S"jj ^Uil js- ,y> *j\» j-j 40 ^jfc <_£JJl cJjJl <j . 1 j->j 40 ^i i—ilir 
J*- l_»?-jXj <iiV diJi . iilS' ijj^aj *5oidl Jiljjj *JUoj 1 6 i*~j CjULo JiLij aJLoj 1 6 
, A^-Uil oLx-^aj ^-Ijji-lj JL^jjj i^SoxJIj <JLi_^5lil iilkll j**_>J fjj-' "Jl Lj>»j jj-" 20 

•^ • Jay DEMULTIPLEXING JLtff ^ jSljaj uyl^ Vrj^ obi. Jl *>-U-l 

ic- ww- jJJu (_£jjt*ajl pJUll J CjIaJjujI *JLsi»_5 1 6 _) oULo OJji.il U JLoj , iojiiXoU 
aL-^I^j MPU JIj ^ SJLoj 1 6 _j J_4J ii>.Aj£ Of <-«?7 dJJi *_*j . ipwMj ajj-^L) 

INTEL 80286 Jl* 2L*j 1 6 4*^ i.>-A5l oU-U*JLl JOu Li ^^.f . -^ 40 Jl dj Jo- 
Ur cOL-Vl »i* a-« l^l^J cJJb^-lj o- 64 -^ oUJUl. MOTOROLA 86000 j 

■ fj* - ' oLiLi JifcJ 



V° cA^J-Jl tlri'i* U* *^ teJ^p-jil iUtfj 16 Ajc^j LycsaJl olA-Ull J-*jiIw 

\e *k*M\ (jA-vij .•_ r »64_j UJUw JajcuJ jjJI «i*b!l _ £>lkJl» oli *^UaJl _ 1 
jkj ly OjS'i jlII SJb-Jl ti*bJl iilkll oli aJLoj 16 i*~»j hy>^aS\ oU-Ull 
TEXAS INSTRUMENTS 9940 dUJSj MOTOROLA 68000 j INTEL 80286 

.NEC (dLUl) V25j 

Jl 40 H oLilJu. Jwii-J ^)l INTEL 8086 JJU i.Uil ,j<*l>Vl i^Ui - 2 
OJc£ .(0^9j 8) JiljJl Jb-f ^dJjf (iU»j 16) JiC ^jJb" ^ . -j^, 48 
UU- ^ tkjf U^p ,y> <L<?j 1 6 Jl Ji» -_j5^ i»bJl v-j-JL; o^^j jUiJI JiJ 
cjUjSCI.1 ^ J5J iiiS^I j U»UiJ! ^LiJl <-aJmi s^Xo cUj-»p .j— 64_j ciiill 

£# jSS^ .cJJl dJDi J iJUll CPU iiKi iJi; CPU JIjlx^-I J^j, t5>sJl 

oU-Uil LiJLL" la* U c _yS"JJl J>^-J . l^-~io CPU cJjli-I Of Jb> i iLiUJI cjIo>-jJI 

. *Uj 1 6 i^ CPU J Jl xa-l UJ , Jjdl J*bi cJL^cu-lj ^SJijf cJl^ ^11 i^aJI 
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NATIONAL j 1977 *l~. J 9 900 iJo-ji\ TEXAS INSTRUMENTS c~Uof 
o^ AijJwJl oU-Ljdl Jlljf -^ cJLfj PACE SJb-pi SEMICONDUCTOR 
J* J»rd iU»j 1 6 i*~o ^j*^» t--o/lj>^ ixJJill ojUISJI »JLa c*»w . iU?j 1 6 
. ^Jj jLiil ^f J* J*** fa 4LL cJlSj PMOS v£ J PACE Jjf c-a^u-l . CPU 
. 1984 £-* J *I*f c^w>f L^ olji-Jl -^ jA*] 9900 cu 



oli oLi-U* ilij^J 1 ./t ; ,.,it>- 5JLstf>_j 1 6 i«*«j 4j_jJwJI oLA-ldl ^ (jliJl ,J~M («-«-*«9 

.MOTOROLA 68000 j ZILOG Z8000j INTEL 8086 J i^wJl oU-Ull ^ JJLIi 
Lljll j> ji£ {-A 3JUU* JJUjj Sj3Jl it^i. l^L 68000 j Z8000 j* J5 jU£ 

,y. iUy 32 J MOTOROLA 68020 j ZILOG Z80.000 USL* tiiiJ-l j i^" 

!jL~J <JjA*0}\ li>li-Ull JJ liJlj JjP- -terji V «-i-U JJ . «iJL<9_} 1 6 Jl rt.;».. /37 fj «_ ujJ 

INTEL SJU>-jJl ^ . »bVlj a^^I 0^*^ tL*j** tOj*i*all yuw . o'li JbwiJUy 16 

.8086 SO>.,JJ -.-.jj yA 80286 

;~iw . iU>j 16 *a~j iywaJl oU-UJL) aJjIao JjO>- (12_4) J£Jl j _^Jaj; 

INTEL 8086-8088 Dlo^-j 

«JU* Jjf TMS9900 cow>fU JU, Lie iJI^Vl J INTEL 8086 c~^* 

•jS3 8080 5Jb-JJ iJiUl U-^l ,y \jS cJjj -OJ .i.UJl ^ly^sll ^yLb- ^yw> 

5Jb-Jl j -^JJ^ ^J) .S^-iL* 5j_j*oj i*>~»^ W^r *l>^ '-^' lT 1 -^ '^ (»-' 

«^j" j JU (13_4) jSLiJl J .8080 JJls-^LJ ^ll ShS IjjJ io> Uy 8086 

.(14-4) JSCJI j Alw. iJLJbM iiliJl .8086 SO^jJU ijUUl US^JJ 

ik_^ljj jyr-jLi J2j cjJL-Jij (jJl 8 08 6 y» 8 088 SJb-jJl A-iUJl J ^^~* 

.-j^ 40. _i L^-li LiUa 8088j 8086 Oy-^ 1 Cr 4 J^ r^L>»=— 3 ,o">U»j 8 

SJb-j U"j 0l ::2 ^ , uy-^J Ji f~** t|>->aJl gJUil.it (11-4) JiOJl J Lfj JUJ 
j^ill JiUJl t 808 6 J JLidl SJl^-j (.JUkx^; .(BIU) JsLJl oUy Swl>-jj (EU) Ijidl 
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■^ \jS IJb'lj 8080 o^rw, iilS" (15_4) JS^ill j iJit c/jU-Jl ^^arJ 




(13-4) jSC-iJl 
8086 iJj-jii aJbi-lJJl iJLSwll 
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ijjJbJl \Jii . ^jli-l jlUllj JiUl o^U;l gjh (BIU) JiUl .-iJ^ 50>-j jjiy 
oJu BIU Ji^" .^ 16 Jl ^Ju Jp ol^xk <Jji*Jlj oULJl ^jOj 8086 OU ^ 40 Jl 
JLiu A-ij—J* Js*-f ,>• oUwUdi iij^L J&JI BIU ^J^" dUi J,| isU>\ . U-Ull 
S^^w* tj Vj^j oUJUj ax** jj>- (J*— il jLsap*:** jL I ja jb^JJ ,j&S .8086 I J&-d\ 
j~JJ jU>«^Vl lJu» .( (13_4) JSliJl jU. ^goSf J iJil) RAM oLLc QUEUE 




(14,4) J&All 
INTEL 8086 J i^ff !jj*» 

jU a-jIxu ^Lij^l J^* flj ^ *jf !>^ jp-'i/ tyi; ^^ ^ p 6 - 4 ^' 0^50 UU- 
i>.U-l jfli; (^JJI c-ijJl J ol*J*Jl °^**<' J S^ji* ij* -iij Of »_-£ jjJl XJUI i»JLcJl 
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oJL* c~»w .(15-4) J5UI Ji^-f J ijj,l jij o!>U~. iujL S^f BIU ^iiJS 
J iili 64K iyi« £-*^JJ (^U o_*JL :y Jb» Jl) l^ ljS\ JJ £ji«JI Jl^ o}U~Jl 
J>-li id* if j_^u diJJJ . *>w^flJl l^Uf J jfki\ dj> & ij~£i\ SjS'lJUl j jl£. ^f 
yy v^i '>** • J^ 1 j* £j>^ **^ *^*^' j»y • ^j 1 6 i>* , -*l>' tJ'i^ ^aLa" j-^ 

S^JI (15_4)j (13_4) JS^iJI J iU.1 ^Vl o^U^Jl ^ JAL- . jli CjIjJ^ iujf 
UAy V>y* Is^a J^-b J i*KLI iJLiLl Solil £yjJl J-^i .CS,DS,SSj ES ^JjjJ-l 

.(16.4) 

oA* JL*iJ «jy JOu .64K o^SIJLj o^Jbt SxjoI! iywaJl oU-Uil a^- cujIS" 
oVUjCu-I J li^Jljf oULJl ^ ij~S A^aiC; J-jJljf wlj ^«ljj >L5rJ 5j^>-bU 

I "*>■ Ojj-S' SjS'lj iJjjJ oLol^VI ,jyM*a\.\ ^f »J3 JUs i Si JUX* ?i-»ljJ t-ij^jf eiJUi« 

. «d5LU.I owl* ukrf !>b>- t^yup tiJU^ J5^ * JUL , jjJiU^ ijj^ai 



AX 
BX 
CX 
DX 

PC 




f* 1 

Cililrf J 
•JLpLaII j^J* 

oLi ■Jjm >*^* 

j^JHili 
4JL>) iili 


AH | Al 


BH | Bl 


CH j a 


DH j 01 


SP 


BP 


51 


Dl 




IP 


*A,\J\ 




cs 


DS 


ss 


ES 





(1S_4) JS^il) 
8086 JJl^JJ 1.UJI o^sU-JI 

lu~J .jjSSCj dUi ^ Jif &L*J-i j 0_^So tl)f tjS^S tsJUl !>Ui J**iJJ S^lJULl ^lil iJuJl 
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. iijL>- 0»JU Sj» iili* aJLks (LSI) 3~~oj S^Sii <—■ .I Ja . o Mj n-^UjJi jtji'ifi" iL-uJl sJL* 
\& i~~Sj\ i/lJJl Jl vJ^ Of jS^ i&* i4il>-Vl J J*ilL ^JB Of Jiiil ->r dUi 



.10MHz p^-f rij*^ ti^J 8MHz g-ijij 5MHz £Jj*S" 8086 SJb-jJl *JL5J 
265ns Jl 215ns _, 5MHz w/i 490ns JJ 440ns •>. i^lUl S/IJOJ g^Jl ■yj ^,1^ 

.8MHz :o^ 

ttflJb- JtfVl AjjivaJl oU-Ull <y cAij^i\S 8086 SJi^l c~*w Jj-^-fj 
U.....J1 iJLij .<S>1* 5/1 ijf Jilj^ oU-L« SAp LjJ iljUxJ ii^- iipUll oU-UUJ 

. Olx—Vl ,>• Jb-lj Jp LOCK JUiJ SjLil ojjj £& 




(16-4) JSLtJI 

i)^L«Jl <, ; ..,- < ^ i_jL— >- 

«jjy «jLij» JUxi-L. (_ipUall 2-JLJ.I oVLsiul J^f-J s^Ji^ oLJUj L^f oj$>- 

. (^ j-f \jy* iJjXill jju-ll jlS lij U aJl^ i,lj ^ jjjll SjLil) • &* SEMAPHORE 

> ^ dUJU .8086 SJb-jJI Jp ^ 16_, ;u^J| JJUj oCUl JiU iljLia 

ui^i) ALE oljLil v_AJli»j JLjc^L trjli-l _pj oljiii Ujjj Of oJLSLJl -jjAa 

. ( 1 7 _ 4) J£jJl J "j^ ^jJwaJl (-Uiill . (iiy^l 
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B2M 



5^ 



BHE 
ALE 



BEfl 61 



(1 to 3) 



iiyjl Jili 

(*lv»j 20) 




-Oo- 



| oUUl Jill 



(17-4) JSCJJI 
^yL^aJI 8086 fU* 

^jj-dlj fj—Vl (£,JwaJl pJLuil (j-J -of £-y .£--b o-^ J-<ucUJ ti»L*Jl 



INTEL 8089 



tfjaj 



y.j .8086 i-^ku S^liS" jijjd C*^ jd\ i*4* ^s-i tij&> 808 9 iJ^-ji\ j~m 
j JiJ jf <£s t^JUl JLiU- «JU- 8089 U>-jJI _^ . 8085j 8080 ^. I^^a Uajj 
■JL^j gJU^ J**; Of If^U-i ifjJl J?*" IrV l>y .DMA j* ujibi J^lj d'\ 
JO 8 6 «_o -y> «J^ -iS^J^ g-^ 1 <^-* ifi!>^ -i*^ 1 •j&J Jb u-* ^^jtAm 

.ii-Uilj JiLJU ^^~> iJjLoj <JU «-j~j U-1*- 4 80 8 9j 



ZILOG Z8000 SjajJI 

jJI SJliJl ii.l*Jl ^^bU iUj 16 i*~; ti>sJl gJUl ^ Z8000 i^ji\ 
l^L>. s/IS pJiu" *i\Sj> M <.ui>-J>*^ Z8000 >>S .Hjj>«-^ c~Vj Jlj^-Vl J[ oJp^t 
. &U- OytA* iJUJ Ji iy>JI 5»«~. * i-U^ i^l^ o_/li jtJa^ Aslij JUjCU-L; .l^ijAijI 

.(18_4) JiliJl J <l)l~w« oUstf^i 
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Z8002A 



(18-4) JSLDI 
(i>- 40 ) J zi, °8 Z8001A(,>- 48) :aL^j 16 i^ hy^> oU-Lm 

.i.1* ,>I>V J>— 16-i !jff c^J -(19-4) JS^JI J il* Z8000 <-^?«* 
oLJUjJI ^ Oj^ Z8000 pJJjj . S Jwaio cjIj-JjaJS" ,jU>«~j jf Jj*^ oU 1 Jw*jcu«j_j 1 5 y <jii 

. oLSUjJl ijiSL* J* J^oJl /»QaJ ,^1*41 jjJt jJUJ! iJLxj 

It 

Aj^cJu_ SJ^~Jl tdLL" jf *w>ljJl ^ Tc-^f iL.j*p , PASCAL jf BASIC Ji* t£>xJ.I 
, v-Jj j«_o Sj^ o.a* J-«-*Jl c^aJj COMPILER *j>-_/^ 7^- ,, ^ **J J^° »>Aaiw oLf l_^> 
HIGH ^jiJ.1 aJUJI l-jj^.U-1 iJj *la>^«p! J-4—J Ail-b- JtfVl r-iUJl c*^» dUJU 
^Jjj J*p ^Uai Jj^j ADAjf PASCAL jf BASIC Ji. LEVEL LANGUAGE 

j»UiJ »-w» Jii SjJjcu 7t--«l^j ■sj^jj jf (jJujc-II iJjCo iJ^xJj.1 (Uj<JI i-Jjjk J 
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, «-»UjJJ iykJ.1 jjUow ills' jiyj vi-?- JljJ^I j\ (^JLidl J**i)l J — 1 







ii fc^i r as~i 

t — Villus** 






3 



JbjJ-l 



<19_4) JSLiJl 
Z8000o"5U- 



«_ja»jJ ilxuxljj jiUail ,_fA«J Jai* 7TjJ>ll (j^J *i« **■ /■ — jlsJI jl j^f=Ll J^jC*»* iai (j _ 2 
^JL* Jl» ,».>«.m3." Jj^-J Z80O0 *]o^\jj ZXJi^.\ oljJi}^ ^ jb*^»jf s yi*&£- 
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*j^s-i .ii\Xa\ ol/IJUU JUU h ; .V.i J>«- 1Z8O Jl» t Z8000 SJb^Jl ^y f^f 
aJ>jJJ iU»j uu5L- 4-JLy J- 48 f-**^-** olili til >-^^Jl Z8000 ^i^Jl 
iSiill i-Lj OdU»j :8MB_j iiji* *>wj *jJL«J 23 ^J^i-J . (ilU- 8,388,608) 
64K Jl >** -y «iU 128 J^jJ dUaJ .i»ljVljf iaUJl J?Mj J iij^JL) <L^, 1 6j 

RAM JU-tiUj JLu« iljJ^ iU>j 24 J^ta J i^ai* ipj iiv»j 23 JaJaii ^ _ 1 
.[iUsj 0_jJL- 16] 16MB J| UtJl AJyjJl i^— i «_-yi7 <iiIJbj iJL>-ljJl 

]aij iulxSCJlj 5*ijjaJl_5 Ss-I^SJI jii Jl« itii J& JaJjll ^aJ^t S J S'IJUU iUj j»aiJ _ 2 

.JLisJI Jaijf Jj^dl 

.(20_4) J£iJl J £-*»j* li* 




MMU 




<jlJLI AiyjJl <>uJ 






ffffff„ 



(20_4) JSLjJl 
Z8000 JJb-jJl JU 



16 _, oCUlj iiy^JI J*U r-jJb" L,if vi-jp- -j* 8086 SOs-pi aJSJ Z8000 SJ^jJl 
4Pj*!f Z8000 SJLp>-^JI *JlSJ . jliJI jJl*) aJU«s>1 i!)L^f ***** jiiJl ^Jj^J v^i • &u»j 
. a^uJJIj iw)moJI Lpa.yi; ioLJ-l oLoJUiJLl iL*i»j 3 2j *£^cj> ax^j 32 ^ iy ou^Uj 
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Jpo" Of Z80 g_.l_^ ^IpV -j£c j& Z80 SJb^Jl £_. Lt-\j, <*^j-. j±. Z8000 JJb-^l 

.Z8000 «-»l^j Jl <Jji« *lrt— ; 

Motorola 68000 SjajII 

MC68000 fJ^L-j .Z8000 j 8086 ju. Motorola MC68000 iJb-jJl Cw»y> 
jf «_«j . A.lsdi'.j oULoj iiji* Jj'ljj -cV*' ilr" ^^ J**** - ^ ■A-siL^Jl 4*j~Jli pe-f^» 
^Jl iJW Jdl Ujll ^-AJ ^ jr^ U j£i *L*j 1 6 iw ^>v» ^JU* ^ MC68000 
itjA (21-4) JSLiJl J i.J.1 aJWjJI o^U-Jl Of Jas-V . *JU»j 32 **~o ^JUJJ 
lp Lsajl otA=>— II oJLa j*>»j Of /<**"*'' (j* • ^J-^j 3 2 aj«*«j cj^\>t*<i 8 ,yo (^yLv> j> 
. 4aUU«JJ oLyx-*^ iJUj jij£ viJU JS" . iUdj 1 6 _jf oliU 1 - ^L-i 



Ml 
Al 
A3 
A3 
A4 
A3 
At 
A7 



































j^cJ.1 ixiii j£y 


1 iJ^iil.SJLddl j>*j> 


31 


J ^JV 


IS 


| v-yi | 



oULJI o^»w 



*ijl*jl O^U^w 



(21-4) JSLiJI 
MC68000 SJb-vJl c/iU- 
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i^jjjAi <L^>j 1 6 jijZ . Jo-lj cij J aJLsj 3 2 jf 1 6 -j L«l oUJUdl <*_JJ>f J*ju 
Jl**U .jjos— Z8000 Ji« MC68000 Jjj . i—Jtll iL*>j 1 6 X iL^j 3 2 UJlj i, 5j|j 

l£jL~j> euil jwU Jrl tljli OLaJLitllj »i_»-~j . <JL*j«Xvii 3I1 (_£_jl«*»} i_»l -Ji jl (C^L^o ; L^ 

&*»j 24 a^jJ aJsu-I^ S/SIJUl ^ 16MB J spill ii^uJl MC68000 iU^JI 4*^ 

,-L-L.Vl MC68000 l>j^d J^S^JI ju^ (22 _ 4) JSLiJl 
3 2 _j *JjL**j iLoj 1 6 4*w i$j**» g-Jl* 1 *r ^ MC68000 «_i*fly -j£c jUaii-VL. 

















005 
CCS 

adore «i>«Jl (J-i 








1 fcyJI JiU ijki 7J«i> (14) j»jj; 
-vf 








I.SUJI JiU jtai ROM j jU2 RAM 




* 


(23) iljiJl 

R/W 
MC68000 

oliUI 


1 IS 


TSC 














' 


' 




*- 




A — LT 1A 


"'1 


ouyi E > 14 




> 























<22_4) JXJJI 
MC 68000 SJb-jJJ ^^-L-Vl fUidl 

1 6 i*~j ^^usdl p-JLall ■>* ^"J 32 Jl J-s^-j 1 6 Jl J**- {ju Jajjj j^JLII p.. a .^"Jl 
jj| 32000 iLJU- *L'Ip ,y_j-a* ,jfi .-National Semiconductor j* (32016) iUaj 
32 iw NS32032 t5>^l £-H*llj oiUj 8 **~j National-32008 L*f j»*ti 
32 Jl *U£jk ^ ^jiifc ^>&j ^Sy *Ls>j 16 i»w 32016 SJl>-JI Jit JJUJJ . iL*j 
U^V l^J— jJl tiU*y 32 **~j 32032 oJb-^U &it£« *JW jjl L^JJltj ^^ . 4JU»_j 
16_j CjUL JiUj *JL<») 24_i *jJs- JiU S-b-iJl »AA iL>-jU- JL>-_jj .jLaiJI IJU j 
j 6MHZ-32016-6 :,y. £>U £Mi jjjSj XMOS iLJB LpLu* J^jcuJ .iUj 

. 10MHZ-32016-10 j SMHZ-32016-8 
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16-Bit 1-Chip Microcomputers 

/»liM ptAJl i-bJl <Uo_j SjJLp ilw- 4>u~j SJb-lj 5ilij <Jp ^jJLs-aJl i_Jj^>U-l ^JtA^ 
H\iJ\ £ji Jp S^IJJI SO>-!j iSlSj Jp J^lSJl { j J iu^i\ v.jj^U-I ._*£ .iojidl j>-*waJ 
•jS^ dJUJU . iU-j 1 6 it-o oUUl JSU Jb'lj IL^j 1 6 Jl 4j^c JiU i>.U-| dUJb UJU 

uui . joi-ii J jj-i la*- j* !Ju . jriy-Y'j J^V' ^^ My^ ^>ii— Vi jUjcu-i 

^JUll £j> l^w i^jJwJ! gJUll lift Jd oLJUl ap^w? cJlS" lij niAJi Jj 

■ ^J-^J J*' ^Wf W ji^J ilSCJL* ^- > vra t (£j*«aJl i_J_j— U-l jf i^jil i^ywaJl 

iiL^l . ijLJ-lj iJikll oUUjJJ Juidl ip_>~. J ,j-l^ aJUsj 1 6 Jl ajJUj -y ^j 
lfc~*) *b»j 1 6 i**-j oLJUjJI jj^j JUjc—Ij 4JU0J 1 6 iw yiSJI ?»_*»«; tilli ,11 
oUJjuj ^jST Sji ti_j)Wli *<cp «juj ^JUI t^jivJl t_jj**U-| j aJUjclJLI lUUjJ 

Jj*JI {y> jJi <*-• ?*} i>-l Jp ojJiJl t*JL«y 16 iU-Jl Oli 4j jk^t}\ ^.j-j^iljaJLJ . iik£ 
S^-JL) 4j^>ls<uI Jajlj^oJli iL,tfj 1 6 i**«j ijyu^aJi i^juil^J-l bJLa .-pJU U t ULp 

. <*pl,ji ^jisaij oijLJij jljl^ji sj^-vi j ^i>b <J^1 J"ii>^ ;j>ai i^isju 

obu iipLvic ^U; LJU- . ijt^A "*Lfij 1 6 i*«o Sa/Ll SiUJl ji>UJ Jj-Ji cJlj V 
i^LsJl <-~-il>J-l c ~* ,:> ^ 0^ • Irt- 1 s-^ 1 y M Intel 8086 ^ ^>\^-j o* i-»JVl 

«0 Jj Jlj V iUtfJ 1 6 Jl ijy* il)i» SJU-J J^ Oid^U.^ f-Lj 4 0ijA» iilij Jp £J%S>J 8 i*~o 

'j o . ^fl . iUoj 1 6 _j 5ijA« aSUjJ ilkit cjU-a-^ij t 8 8 6 J| AiL^VL y^S ->«J-i >»->~j 
oLJj-SLIIj NEC 783XX Ja>-j National Semiconductor HPC160 40 »Jl_a 

.Thomson-Mostek 68200 

32-Bit Microprocessors iLsj 32 ^Uuu <bjiu3jl oUJbUI 

■ Jir .iytvJI oli-Ull A-xa J L.JI3J JiSVl j* *JU*y 32 i*~j ^>-^Jl ^-JL-JLI 
JS'f *Lej 1 6 it^j i._^wJl oli-Ull Jp *liVl J l0>- ij~S Sjii iL»j 32 J cjUj*m»JI 
cJ*f 1983 1-* *lJlil J .oM*»j 8 Jl jllij J* iUtfj, 16 Jl oli JJlSJl Ad»3 Lr 
National j Motorola j Intel c^afj tSJUoj 32 Jl JJLij -^p ol5^_i apj-^j* 
Jlii iiL> oVjUt ajT -j^ Ijl2*j ^f OlS' cj\i\i J\ »JL» *-£*&! b\ \t^- . Semiconductor 

. AjujIj »ji>vaj lj*ji» il>JUjl 7t ../Jj jl JJ «C*JI Jlj^-jf j^j^-l «Lu» C-ijiivul 
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A^aj . ijJLJl «u>-Ul ^ i—>5j«jJI j& *L*oj 3 2 i«w ;jbaJ~| ijyvsoll oUL-Ull ,*-^ 
c-^^tj iJlill J i»JU; jjJL. 8 Jl JLLxll oVjljwj 16MHz .MjXj oUUl oIp^ 

J5 i>-f JU3 ^jLJIj iUUl» iJUaj 3 2 i*w SjyiwaJl oli-Ull i_Jl>f Of vi-j>- rj A-- " 
Coils' . A-SSUij J| "Jwi-AXfll j£ \f^>- i-L* Aijlaj IjjLJu jj^ t_JUcJl Jjl4 f-'-jn.' 

Of Jl_£iJ 198 7 iu- JJljf J JrtlJllI o^Ji ^j iJlUi J OLS" -y. {.JLif National 
«_« ill^^U iaJU-sm, 32 ajvw ^jJuaII ^c-JUJlI ii_^i c^^oSl Ji Intel j Motorola 
j Zilog Jli*f ^j^-Vl Oi*i*aU £&j of ^ji- . vM J*f bj- 1 L*J iji-Ul At&t j National 
oUjJijH^ isol^ LuUJatJ i_JLpVI Jp cJLjc—I a» *L*>j 32 olilSJ Fairchild 

.iJUl iU^Vl jS^jf ajjSLoJI 

. i^-J^I iLyoj 32 <*—j Ajyu^aJl oLLUll (Jj jjj 
Intel 80386 " ' ' 

National 32332 
Motorola 68020 
Zilog Z80.000 
Fairchild Clipper 
At&t WE 32100 
Inmos Transputer 

* * 

Zilog Z80,000iilij goUJ $165 y. LjS jU-Vl c^-jly" 1 1 98 7 iu- Jsljl J . JUJl 
:>jJb*j National Semiconductor -j* 3 2032 Jj 100 ^» cjL*& SJb-I^U $200 Jj 

. Motorola 68020 j Intel 80386 Jj SJi^ljlJ $300 

. 4JL0J 32 J SJbJj>- (t-xUaj iolitll iLiill olji»JI (J r-ji*2~> 4*iidl C~>JjJj I^K 

* F ' f 

20MHZ A»ji LipL» LjJ J*-Jl ?t,. ; ../i ; ..^ fLiijVlj j*i~j c*JjJl Aiy Of <J^j>- 

j National Semiconductor 325 32 kwdl ioUll iywJl oLi-Uil ,25MHZjf 

«JUJJ iJjU« JjJb- Oiy ( 23 - 4 ) J 5 ^ 1 J -P/^ 1 ••*■* 6y&^ Motorola 68030 

.IfdSLA ^r^U-j V 1 -?^-! 'jfr^ "•■*■* «^" iJUs*^ . JU-I ilv»j 32 a>u-j ,jj^i)\ 

Intel 80386 S^l 

i^JUl Compaq's Deskpro 386 0l£ 8038 6 ^" ^Jlll ^^i-l c-j^-U- Jjf 
C.2..L. ^llj JJUaJ "il jJl APj-JJ *I>1 jijli" J* Will cJu*~ .19 86 i-i.^ J ^>- 
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(•""JJ lt^J^ '^Li '— >\~J-\ ojU-V Aj_jJ3(JLt LjiiUws (J* i»?-ijj>jJI PC oL^j> Ji« (ip 
JL& Jjjw LA ,_^JI 80386 *i\sj\ y s^-iLo ip^«Jl dib gfb . iyill l^uiLi J* oULJl 

. olill J Oa^" 4j 3 Oy L- Peak Sj_,JLU 

_ 8038 6 SJo-jJl J^ju" Intel JJ y Sj^il Bench Marks jL^Vl v^r-y J 
Jp Uy Wlj tiJ^ 1 J Dhrystones 70 00 JJ 6000 Oa ^ £jLt* *^ 16MHZ 
Digital Equipment j* VAX 8600 i^yJLI JL*JI iSy^ai\ i_jj_~.U-I *taf (jj^* 
jSlyj PC Jl ,y«^a< y \j~Z 01 Compaq JJ HU>[ Jju>- ojjjvil y .Corporation 
Motorola's 68020 *_* «, fJly I J t S-SL. Apple df £-*> . 8 3 8 6 _. Ij^ dA>uVl 
yi 803 8 6 gjywaJl pJUil ^-wjj <l)f J*a>*ll ■j^i Machintoshes JOjUL-l JJ-| jlkoU 




(24.4) JSLtJl 
Intel 80386 S-ls-yJ *Uj 32 m^ ^>v»JI g)UI 

iiyuA* J i-iiiuj 16MHZ j 12 ^iL^ Intel y 8 0386 Aj_/waJl oUL-Ui! jyZ 
CHMOS III jJUil jLxu-l SJb-^l «JLft Cjw> . *iL.lj*- cj%*jj dl*J &~i 1 3 2 

CjUU-^ y 275,000 -y __£S| p^j JjJl Oj^vy* 1 . 5 _j *>-jiJji A-JJjw iLi> -y <-A))ll 
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iiL»J.I CMOS i£Z ^ CHMOS III .j^JLJl L_Jli J Transistors Jt\iJ\ _ 
tS\jj^S yit iWf-.l a_4 HMOS J iJUl m/JI SjJiS c-#jf Jtf* i Intel JJ jj Sjjlallj 
J_5^iJl Jj .80386 iiUj .-iJUdl ^ (24-4) JSLiJl j .CMOS J i*ii^ 

.803 86 J oljLiJ <*j^jf iu^ (2 5_4) 



oUUl Jili 




4»L> . 



7"T 



ii^jJIJiU 



■ AOS 

■ w/5 



-»■ D/C 



-»-M/IE 
-♦•Toot 



JJUI !jji 



■ RS 1 

■5§i6 ) r 5 ^ 1 

• READY J 



(2S_4) j£Jl 
Intel 80386 &%*j; 



i&j-** SiLijJ Pipelining iJj>«JL Jjfcjl Jp S^5j 80386 »Jb-_jJI iJK** jux*J 
u-Jpf j Uts^ljj iU<»j 32_; L~»LS | c >»../a" tAPj^j iJj>«iJLj < JkiJI t*-jv»I . oUUjJI 
olJb-j C-^ Ji LUMj 8 0386 r-ij^Jl *— ij .ilv»j 32 i*~j *jjUal.l ^**aJI CjU-UJ.1 

J iuil oJLa <5j>«JIj JaJI oIj>j f^-i .iUoy 32 iw iJW^Jl JiljJlj *jj^> J^»y 
v±UJU ..j^JI L*-**j £-* t5Jl>JL. Jwu Of ^-Ja - M-J I^V iSlf^l 4JU~ (26 _ 4) JSLtJl 
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JL-iJI SJ-J-J 



jUJIiJj-j 



iZj\->Jl*ij\ bJL>>J 



^iOL^JI 



VljU-Vlip-ljV 1 



4^JtJlj w»_ r ^ll 



iJtJaJ.1 5.A>-jJl 

— T 



I 



jUllo5U>-. 



UUJl 



H 



jjjjl JjL* 



Jy oi 



J-» 



n 



JiLJI !Jt>.j 



I 



33 


J»* 






CiU^Ldl «j^i^ 


0-il o— uii 










j=wi->-j 



j^Jll jL£>*^NI ;j>j 



(26_4) J5LTJ1 
80386 J U&JS olJ^I 

J* ao/lJUl ,»-&; oJ>-j» MMU ^j <y> 80386 )t .,..., rt; l **#ll «JliJl Sjil 
SjS'IJlJI J u-^lj f/«j ^i i£s^\ «JUJJ yii^Jl Jp MMU £-v»j £-*~d . iSlSjJl 
aiijj pS^dl JJU ^ (.L.VI _pJj L^lil ^ j^ljf jlJL^V Ojk^l L^T _^J br ^f 
illJb aJ^"^' Sp-LJI 5jj^ A-ytf"».* aSISjJI rj 1 ^ MMU cJlS ISJ .MMU J 4j>-jL>- 

il^iJL JfcJl -j^ *|jjff Paging £^dl_> jliH v_iJ>. 80386 SJb-jJl JsMa J 
.iJU ^JU 125 ijXL SjSliJI ,-j J** gJ,* ^f Jl g^jJl ^4 .MMU J*U fliV 
IjJjU ikJjj o/Sli «Jy [ 9 10] ijjj% 4 *jUJ S^iL. i^-J Of 80386 5Jb-jJl *-Jax~J 

4K Ajt~; 4^>UM s^fi JJI ol»ui*«» ^-^^ J^jcu. j_j (jliJl iJl c^ «- > * ^d l J^ju . <Lilad,l 
iaisl- iiix»J.I olo-frll Jj*J jpl iiU^Jl o^Ldj ajUj Uy jUJl *JI>«£~j vJjUJLS" . &l>- 

^11 oLfl^Jl ^ fU~JVl Jiisl- v>jJl y> 8038 6 pjj J ^Vl J*UI Dtf 

^ 803 86 S0>-jJl oLJLj i*j*£ .IntelJ aj>*JI oUL-Ull iL'U alyf *_• J**J 
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^.l^l c^S" . *ijk*i)\ oULUaJJ Intel's Iapx 86 <1SIp oUJju *_~*l# ,y> iJU- "^-y^- 
OjJuj 80386 J* J^ju of f ; k:...T .J^ 80286j 80186j 8086 oU-UJJ ^.f 
\itjdJj ,_^JI olS^Jul cu«l j L» 803 86 5J>-jJLl «X?- oUjJt i>j-j£ !>j~o oJLa . ULp j^jo 

iJUJl ip^Jll ^ 80386 o^— i*j*jt di» j>Ut«J^U a>-U-I oJL* i— ~«j 
6 t oUJl ^I^^U 8 : Jj [S XteJS 3 2 Jl o}U~Jl £j y . Iapx86 o!)U~J Superset 
ijy^j 4 t*5U«dJ 3 <.iAj\j oUJjdl y^l 2 t (S^IJLll f-*-\y f-JV-J) jUJl «_ji*»ljJ 
cjVLxw.^ Intel l^W) fU~JVl c/>U-J 3 ijL^U, ^-Udlj ^LiiGJ 6 iiylid.1 

. ^ Lift" mi. I 

lij^i .OjWJl Jb-L 8086 J M^»f t_j^ ,^1)1 y>J\ iiJ of 80386 *^ku-J 
5Jl>-jJL) U Ji* 4j** j^ aLj i-ijja 80386 iJo-ji\ l Ja*3 \^j t _ J iJb~ Jai J fi-ij~^\ JLidl 
J] ^-b^ of 8086 g-Aj u JdJ j£»J ic^Jl SjLjjJ \J&j Jlj^-Vl iil5 Jj .8086 
Jl* Virtual 86 Jar «^« 80386 iJ&-ji\ viLLj . i»^»«^ Sjij-^j J-ud iJ)»- o}Ljl*j 

.Ja^lL 8086 

iiulill i~JI ,>• A5*»J.I ii^Uall SJUoil J»-b J ojji« i*^. ja Virtual 86 Jai 
iJlJa: p-<>ljj Jj*-^ J* ejJLiJljf Multistacking UpUA\ S^Uidl .80386 SJ^^JU 
J^ju .8038 6 SJb-jJJ v*f J* 5 ^ 1 IkA 1 c** ' b "'-> ^ J oUjlii* J-i-lajf iipUi* 

J&- J JJL.UJ1 ojj^iil i.jkJ.1 Unix viJUiSj PC JJuiJ 5JU-I V-U3I iylidl DOS 
L^iLluiIu _ JLiljj dLueu*l; iipUi* ijAjJaJ p-«l_x <Js*~^ <jt* iSs*"™ °jr' ■ tj^^J im.jUAI 
|jb- i_>*^ SjJLl 6J> .Video (_$jyai\ o*f^ Cr" ^"^ fl—»' J **^ g^'^i u^j^" 
5JUiJ.I <-ij_^» J l^^r- jIj> ^1 o!o>-jJl JJ (yy tfjkvoH i-j^U-I JajC-v» JJ -^ 

.80386 Jlitf i^ii-l iipUii.1 

t Assembly Language JjjtJI iiJ ^^ 80386 SO^JI oLJju i*>*^ (>wii; 

32 _. *_JL-I oL^Ijjj 1 String J-^JIj iL^JL. U-Uilj is-ljVlj ^L-i-lj oUUl JjJ 

tuLJjdl . apLJI bjjj y 4 . 4 J-Ijlc JLkj JuU- 3 . 2 j* i*JUJI J^ Jau-^u . gJUilj 

.(27_4) J^JtJl J ij-. 80386 J 
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oliUI J* 



(«_•!;) *A-i-\ oUJ«JI 



i.U)l ^l^l 


MOV 


Move operand 


PUSH 


Push operand onto stack 


POP 


Pop operand off slack 


PUSHA 


Push all registers on stack 


POPA 


Pop all registers of! stack 


XCHG 


Exchange Operand, Register 


XLAT 


Translate 


Ju-=« 


MOVZX 


Move byte or Word, Dword, with zero 
extension 


MOVSX 


Move byte or Word, Dword, sign 
extended 


CBW 


Convert byte to Word, or Word to Dword 


COW 


Convert Word to DWORD 


CDWE 


Convert Word to DWORD extended 


CDQ 


Convert DWORD to DWORD 


sVOIIjuWyi 


IN 


Input operand from I/O space 


OUT 


Output operand to I/O space 


ADDRESS OBJECT 


LEA 


Load effective address 


LDS 


Load pointer into D segment register 


LES 


Load pointer into E segment register 


LFS 


Load pointer into F segment register 


LGS 


Load pointer into Q segment register 


LSS 


Load pointer into S (Stack) segment 
register 


SjIjJI iljli. 


LAHF 


Load A register from Flags 


SAHF 


Store A register in Flags 


PUSHF 


Push llsgs onto stack 


POPF 


Pop flags off stack 


PUSHFD 


Push EFIags onto stack 


POPFD 


Pop EFIags off stack 


CLC 


Clear Carry Flag 


CLD 


Clear Direction Flag 


CMC 


Complement Carry Flag 


STC 


Set Cany Flag 


STD 


Set Direction Flag 


ioLJ-l oL-UJI 


^+1 


ADO 


Add operand 


ADC 


Add with carry 


INC 


Increment operand by 1 


AAA 


ASOIadiust for addition 


DAA 


Decimal adjust f or addition 


r>« 


SUB 


Subtract operand 


SBB 


Subtract with borrow 


DEC 


Decrement operand by 1 


NEQ 


Negate operand 


CMP 


Compare operandi 


AAS 


ASCII Adjust lor subtraction 


Vj^ii 


MUL 1 Multiply Doubto/SlnglaPracMon 



IMUL 


Integer multiply 


AAM 


ASCII adjust after multiply 


a*~JoJI 


DIV 


Divide unsigned 


IDIV 


Integer Divide 


AAD 


ASCII adjust after division 


^■rt'll oUJln? 


MOVS 


Move byte or Word, Dword string 


INS 


Input string from I/O space 


OUTS 


Output string to I/O spsce 


CMPS 


Compare byte or Word, Dword string 


SCAS 


Scan Byte or Word, Dword string 


LODS 


Load byte or Word, Dword string 


STOS 


Store byte or Word, Dword string 


REP 


Repast 


HEPE/ 
REPZ 


Repeat while equal/zero 


RENE/ 
REPNZ 


Repeat while not equal/not zero 


yiaiouivJi 


WjVI 


NOT 


"NOT" operand 


AND 


"AND" operand 


OR 


"Inclusive OR" operand 


XOR 


"Exclusive OR" operand 


TEST 


"Test" operand 


wjvi 


SHL/SHR 


Shift logical left or right 


SAL/SAR 


Shift arithmetic left or right 


SHLD/ 
SHRD 


Double shtlt left or right 


jo-*" 


ROUROR 


Rotate left/right 


RCL/RCR 


Rotate through carry left/right 


BK Manipulation Instructions 


iijM 3JL»jJI oUJju 


BT 


Bit Test 


BTS 


Bit Test and Set 


BTR 


Bit Test and Reset 


BTC 


Bit Test and Complement 


BSF 


BK Scan Forward 


BSR 


Bit Scan Reverse 


4jL«*JI JUvOi oUJLm? 


IBTS 


Insert Bit String 


XBTS 


Exact Bit String 


n»LjJL |^>oll tL*L~Lu' 


J-j^ll.M 


SETCC 


Set byte equal to condWon code 


JA/JNBE 


Jump H above/not below nor equal 


JAE/JNB 


Jump If above or equal/not below 


JB/JNAE 


Jump if below/not above nor equal 


JBE/JNA 


Jump if below or equal/not above 


JC 


Jump If carry 


JE/JZ 


Jump H equal/zero 


JG/JNLE 


Jump H greater/not leas nor equal 


JQE/JNL 


Jump If greater or equal/not less 



(27_4) JSLiJl 
Intel 80386 oLJUi ip^f 
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(j)U) ^-UjJl. pi^Jl oUjU; 



JL/JNGE 


Jump II less/not greater nor equal 


JLE/JNQ 


Jump if less or equal/not greater 


JNC 


Jump II not carry 


JNE/JNZ 


Jump il not equal/not zero 


JNO 


Jump il not overflow 


JNP/JPO 


Jump if not parity/parity odd 


JNS 


Jump il not sign 


JO 


Jump if overflow 


JP/JPE 


Jump if parity/parity even 


JS 


Jump if Sign 


i Jr !Lll>,piJI 


CALL 


Call procedure/task 


RET 


Return from procedure/task 


JMP 


Jump 


jlj&JL .vJiJI 


LOOP 


Loop 


LOOPE/ 
LOOPZ 


Loop 11 equal/zero 


LOOPNE/ 
LOOPNZ 


Loop If not equal/not zero 


JCXZ 


JUMP If register CX-0 


oUtUI 


INT 


Interrupt 


INTO 


Interrupt It overflow 


IRET 


Return from Interrupt 


CLI 


Clear Interrupt Enable 


SLI 


Set Interrupt Enable 



ywi i-jj*. 


U-l U oU-U 


BOUND 


Check Array Bounds 


ENTER 


Setup Parameter Block for Entering 
Procedure 


LEAVE 


Leave Procedure 


*j1*^J1 riji 




SGDT 


Store Global Descriptor Table 


SIDT 


Store interrupt Descriptor Table 


STR 


Store Task Register 


SLDT 


Store Local Descriptor Table 


LGDT 


Load Global Descriptor Table 


LIDT 


Load Interrupt Descriptor Table 


LTR 


Load Task Register 


LLDT 


Load Local Descriptor Table 


ARPL 


Adjust Requested Privilege Level 


LAH 


Load Access Rights 


LSL 


Load Segment Limit 


VERR/ 
VERW 


Verify Segment for Reading or Writing 


LMSW 


Load Machine Status Word (lower 
16bitaofCR0) 


SMSW 


Store Machine Status Word 


jJLJ.1 fSc^i\ ol^Jju clloni 


HLT 


Halt 


WAIT 


Walt until BUSY 'negated 


ESC 


Escape 


LOCK 


Lock Bus 



(27-4) JSLMI 
(gl') Intel 80386 cjUJLw' '*»yJ~ 

SiLpyi 82834 <pUI jJ^. .** jJU JiU> IS* 80386 SJb-^Jl ^^u *lij iwJLkj 
i«i»Uil SLLJ :iJLdl jJLi^ll jj, JS\ jf oJl^lj oUj.Jn.-Jl *y v_~»>. Uuf J*jc«J . ^IjJj 
iULiJl oUilj gJl*. 80387jf 80287j 82786 jUI ^)\ £-Jl«j 8259A 
iJkll 4_£JS» (LAN) IuU 82558 jf 87586j (DMA) JajLJ 82258_, iiJLUJl 

.«iJU«ll 



National 32332 Soa^JI 

j (jj^ill J*IS' \iy^f U-Lm rjc- i£jJ> Jjl National Semiconductor cJLS" 
it-. iJUM jJI USUI jijJ Jl «U»l) .19 8 3 t-. J NS32032 J L^-tJj *_* ^.j 3 2 
32 <y iL.LS' i*~j ,_^-jU- cjUL JiU 323 3 2 oJL^JUi Sj^r^ll JS^I ,_^a*j J aL^j 32 
J^j oj_pJ tfytJl ii^of . 1985 t-. J 32332 jliJI JJLl ip^ dUi «_-J . (iU»j 
j 80386 _j Lf>-h;l(j IntelJ juj^JIj *Ji*Jl £-L»«JL> [eS^i *rf ■>• (**^l» UjUJJ -j^ 
ijSj .National -y> ^I^Vl Jci\iJ\ j* JS" c~»**- JiJ .68020 L^-LiL Motorola 
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^JJI 15MHZ32332 ^ L^ Uiy 1986 fc- yf-\j\ J National c^->f ott JJ 
,y.j iilt ,y gj—t tfU, National c^/S-f 1987 Jsu-ljf j .20MHZ c^jjl Sjjj, J^ 
gJUll *L1J 32000 iLJUl u> ^1 ci Ir^. 32532 ia^l c*i*f .NS32532 
dUiSj 32232 ^! o>U ^Jlj 30MHZ _, 20MHZ gS^JL J>>dl ^>J| 
iUj 32) 32016,, (*iyJl JiU <Uj 24j oUUl JiU ^TjUi «Uj 32) 32032 
aL*j 32) 32008j (iiyjJl JiU iUj 24j oUUI JiU Vrj 1 ^ *^J 1 6 J ^^ 
.(iyuJI JiU iL»j 24j oliUl JiU i*rj\+ c/iUy 8j U>-b 

OjjkJ JUL.J *f8UjJ JpUJI ^l^-JVl J* Motorola j Intel cutf j^ 
Jl j^wJl i-^ Jp National cJiiU- cJL^j 32 JJ 16 Jl 8 JJ 4 ^ ^U-U, 
Oj£J Super Minicomputer ^jiJ.1 JUJl ii>-^ll i-j^U-I U£j» lj "Uf ^ . i*l)l 
J UyJ^i-lj VAX iSU Tjusf «-ijyJ.I Digital Equipment Corporation USU l^U^. 

^l>bU o^U- ,>w*! 32332 ^>JI gJUll j c~$> VAX J ^-lill Ujll 
iJUJI uj-U-l i*J ^ -y oU-Lu" ^ .>U» oU-i*J i*j^?j ^ ^>p J»tffj U*Ji 
J ^ .iJa^ iljiP *>v-jj «_As*dl ^-A-J Virtual Memory i.y»Ui S/li, iijxJ.1 

.32332 SJb-jU Jaja£ ,*-> (28_4) J-CiJl 

oULjf ^Lp Ul W Of fcUJl ^l>Hl iJLJJI o^U-JI <y J<T £-U: 



jiyS dUJtf .323 3 2 SJb-^ll ifjj J Ijjll J*-f (>■ iU-euJl oULcJl jp _^JI ,>« 
^s jJI oUUI £>u JUJI 0>> ,>• oULdl v_J*V oUll ij^Jl ,y J»lif U-J 
i*^. JU5V L-iki j>.JI ol3l>- ,y }Ui Of HLL ^y ,-y cjUJUJI Jt* ■ lAU*i-l 

.itjlLuJU JU *bf liUS "j* p_^J it toUajw 

IJL* £_— j .<Uj 32 <«w fU- 4jj^ JiU 80386 Ji, 32332 SOp-jJI J**a-J 
s jb-ji) v-io 11 s / ljJI -V^l °/ ,JJl t 51 ^* a* Oy^ 4 j>- Ji synL. 0>jU «li>l 
I Ji . 24 - 1 2 ,0-ijll J t^JJ >>«« /*-f^' J f"V ^^l* 1 ^ *s^ L ^v* *>~~JZ <<?_/> 32332 
[jlkiJVl] Jiill . iJJrf 2r*l^ jt-liid «>I-JJI Cj* j^ JJA f^— " •>• J^ V^-r 11 
I ■««- 0^ SjS'li r-s*^ J*"^ ^j*^" -A^f U^* 5 !^ <^-i > *J SjJIiJI (^s-^J Jj-Aj {_-r >* 
y^JI vk«- il J* J** 1 ^ ^ V^ t^ 1 ^.j*^ 1 ^U-Ull ^ywj J J*jcu-j g^Jl !■**> 
v,J Us*Lt iilij 32332 SOs-jJl v_JLUxj .*U*>j 1 6 J[ 8 in«j JJlij a_» ^y.***^! 
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■ <J** {jij^ Jl Virtual Addresses iybiyi ^bJl i^j Ji. z^liJl *JiJ ^JJltj 
dil" Ji 32082 MMU l^lSj iiUJ ^ jf l«~A; 3 2 332 J^c-J Of oU*Jl c .h:.„.T 



oliUI 



Ul a^- <UA*4plj 



^_plj Jaj|j«aJl 



JJUI uiJj; laiUi 



mAt* 





IP 



IOf 






iiU 20 i- 









.CO-ll. 




*■>*" J^ 1 



H 



crrn 

CFG L~ 





*Uj 3 2 



(28-4) JSLtJI 
National 32332 SJb-^Ll J^-tall (> Jiu)l 



Motorola 68020 *x*.ji\ 

i-* Ja-.!jf j 68020 SJ^I l^c-Uk National iSjJ* ^Ja>- Motorola cl~*J 

1 .7 iiUJj aJUJI ap^JI oli CMOS 4*131 JUc-L ^_^JI gJUil *JLv» .1984 
cJb>»-i .Mils 350 X 375 i_Jli J ,yA»j flw> 200,000 aIju c*pUai-l OjjSL. 
t-pUJl ^Vl Intel cJU~. 1^ HCMOS H gJUll IJLA ^jUdl f-Vl Motorola 
c-Jjj i*^ U.UJI JJU^I <y ^JU Jb-ljX." . l^t-Ul -y ilaJll CMOS v*il CHMOS 
Of 16.67MHZ Mji 68020 SJb»j)i ^JaivJ .20MHZ j 16.67MHZ j 12.5MHZ 
*L»f JuAdl Sjj^J j^Slc . ioJuJl iJ-UJLI iJliJl J "UJ* 1 <^j^ 2.5_i **j\ .u lj£j y>^s 
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dj&l *jJL4)I J-Ll cjISIS^J oLf IjJl ijl^J Motorola o_)Sj Mi Intel cJUi \^j 

*L*>j 16 i*~j 68010 olJb»-jJL) !>U»I <_^ t^JUl Object Code ^^.^^dl j^Jl ti^U- 
. <JU<9j 1 6 5ju-j <u»-jl>- >^jL)Lj Jslj /■_<■ aJU^I i IL^j 3 2 i*~*> iiSUlj 6 8 0j 

oUJU; Jaj UJI ^l>bU ^U- _/>* **r- 6 8020 J 5JKJ.I Ujll ,^3 
J*j«; . (MMU) w-jivdl S/IS *-k: SJb-_jj Si\ij J £U- 2 5 6 J oLJU; bj£j aJ^JU 
JAj f-^j *5j>cl[* oUjinil Jiy ^-olj^l SjS'li ^ JjU? iSlijJl J aj_jJ^JL1 oUJUill 
. ^-«lJjJl SjS'ii ^ £j-f r>b j^j oLJLdl jj^ SJUJ d)V dilj . A5j»eJlj ol»jl*il 
u~* i>* f j* - ^ ^y^^. J-**^ Jd^ tj* ^ J " "^' cjI*-Jj«JI u)J>- iJU 0^£ »^JJJlI i^~J 
J i^wJy. 68020 J ,ij>-Vl tjJIlUjJl £-*»Uj Uj^-I V* - 5 J S'IJJl f oJb-ljxll oUjinll 

.(29_4) J5CJJI 



tj^JI Jit 






"IE 



-N 



32 



\> 



oUJucJI 



=-N 



JLidl!JU>-j 



JJUI JajUi 



.■ii -J.rll Jj£ 



JiUlAuLi 



oUUI JJli 



(29.4) JSLiJl 
Motorola 68020 U&-J) J^IjiII pJtoll 



*b 



68020 J tis-^JI 4*UJI 68030 ^ ^ Motorola od*l 1986 iu- j>-\j\ J 

^ 68030 Of ^j . 1987 ^ >-ljf J l^x* S^ ^U& 68030 g-lil ^^x^, 

f asj ^ Uiuai cpu j*^j u tijUi aii^ii ^ <ju*Vi j^jl 
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...IV-T iJ&-j *~wu> Cache dj$-\ aJLsj Jilxll ^J- ,y ^-jj-dl dili jL .68020 
.oUUI 0_}»-j oL*JUiU ^jljdl rjij{> 6 8030 J jujlLI JiUl iuUi «_»~j . S^S"1JUI 
aSISj ,Jp MMU dii^S c~Sj ^ij . ijA» £jij> «-«—J Lg..-~a» OjiM v_JL> ip^ o*bj JLiaJ 

.68851 MMU Uu*ll J S^dl ^iJLbjJl U*\ fj£. 



^oUj o/_^.j -j*- 128 -yi i_iUu OtL>-j CMOS j 68030 SJb-jJl C~*iv 

. JjfeJLI J £jj 50U j^ ^iy £A 20MHZ j 16.7MHZ 







<^ 



If 




VftyiJl jitll 



TT 



iz 



— 1 r 



■jill SjIlJJl 



JiUl Uj 



E 



SjSlJJb ,^-il 



3 




JjSIJJI iij*-o« 






(30.4) JSLJJI 
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Fairchild Clipper jl^i 

iiT-ij^Jb HAll IJla . ipj-k» S/Jb rjJ J^ i^>»j * U > ^ oUlij *U% tf Fairchild 

<A£-[*Jlh JjISj (jx <^f>J Ijkj . *~<waxJl ,j»Lj ^yu/aJl p-JLxil *J (3^1 (-M* -^^ .r^ 
aJbJ.1 jfxj 80386 jf 68020 *_* AJjIiib SjaUM SJI^jJI J^-ta S^S" i>«-J JUt ^Jl 
«..,.k:,...>. 33MHZ <ca>L- SjJj i-^-j -_/xJj -j^Vl Ajly 1 j^ ^^ij Ij^jw» li-^- Clipper 
Of «_Jal>«i iSJUall iU^Ull oJo-j ik— Ijjj iJliJl J 4*Jju OjJU 3 3 JjjcC ^ai\ J_>- JLiJ 

.^Ijil fj-Vl t^r-sJl f?-JUll j~*i '-^ ■ V^ 1 J ^S^ -*-l—*»l3 il*P OjJU {j»jS\ J^JJ 

quits' jJl>«1I IJLa Intergraph cJUjcu-I JUb *taVl IJLa Ji* u- > >.»ij ^l^aVl IJl* Jpj 

. SjJL2J| iJUJl V- xAI ii.UuVl jSty. JUJ. 

ijSjM iJLUll » Jo-j {y> Combinations cAJuly Jl jJbJil iilij Spj*^ *-*2J 
(MMU) oULdl Up ijS\i jvJio- sa^ (FPU) tiJU SLpLUI U.U* SJ^-jj (CPU) 
uJ kk>«xll ***■ _^l . «>LJU Uku r*yd\ v' J fyJ (j^-^i villiS 1 . MMU oULu Upj 
.ij>-iji i.jJi-o J i*,*^ o^Ls^jJlj (30 _ 4) JSLiJl j t j^ x\*A.\ r-i^oJ 

^j (31-4) JSCJJi J ^»d .«Ml> JJtJl jyijl (^wu" CPU /FPU olijj 
JiJJ uJj^l ji-yU J JJUij oUUl j*uJ .CPU /FPU J U>.|-JI US^JJ 
^y-Vlj ioJuJl oLvilUJ S -o-lj JLidU ayd^j jj>-Vl jjkil J CPU ,jj£ . ajj>*xJIj 
. 'JuJl>-jJI OyLft j^ JS" (J iul_)i< ""jy-^i oUJUdl JLiJ j-jSLc . <UkJl aJL^>UJI cAiLJ- 
. ULJl y-\y £%' Ji f> Irf 111U ipJuJl JLisJl SJb-j J^-b J^lJa if JuidLl •_•£* 

^jw^l iju JjU- j»JL2J ^j . Uajl CjIjS'I Jb (UjcJ f-j--l CjLL«pxj aJlkJI Jak^- ?t-^»>j 

J? ^yl . i/IJUl jyJj (.liN jlkJVl »UJf Idle J*p 51. Ju, of l^^U-I ^bt V J^, 
Vy csf» ■ ojS'lJLJl pJ& <_iL'lkj 5»l5j aJUJI S^li -y. ajI>- 4K ia^JLl iJUJl ji\ij ^ 
*-iy> J^J v^^r" *■»>*"> jll iijLxpjl t--l-o.ll ? r ...<>....J . iJi*^^j <jeSjx£~» {/&)>& ie-j*>tX 

ojU-V ^Wij jf OjJ y iPj— jj iJU oy> JjUij Oi*^lj -S-JjJI Ov«b U o*.jJUil iJUJl J 

^SCr .30ns J^ iji Up J^ JI J^15JL ^jJl jSLc .I4JUA UJI aJLU. *|jil 
.U^JI SjS'lJJl JI S^L. oULJl £_-#• a?-jj ii^>- jjiLl »jlp ki J J^jy jf ^lm 
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*n 



a. 
O 






1/ 

fc. 
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32 -^ i-iJjllj LaLc •^IjJ.lj iJifj py-^l* °^U'j *J>*U J*UI I-*-* .JJbJj JJU «j 
SjS'lij r-lj^'j JL>-a}U Vyill i-^aJii (*-*-^>J >-r"£ . f Ua-JJ ^^-Jj Jibs' J^aj iU>j 
i.^kJ.1 . ia^liJ.1 JSLj IfUijJ jLji-l jijL* JJ y i j^-Vl tiJaJI J* ijfr^iJl iajMl 

SJilS <_iPj.*.i.i" . ii*^ Vl Jailj-^ij iJl_y]a^Vl oLpj-j* Ji» ol Ja . y> «ll *_• i_jLl»xll (_P«i^ 
^JJl iJL»J,l oULo JJLpj 4 4 *«J r !l SjS'lJJI ,jy 5JU- i*j«o ^1^)1 J2JI A-^-jjiJl i»jlaJii 
^jU«iJl *- liJj'Vl Jai JLucu»L . 4ll j cJjJI j oULJI ^ ilU- 1 6 iUJ JJb of {&£ 

.S^ill oLUSj"l Jii; ipU*Vl £-*J>ji\ "jP SjIjJ ill; 50 Jlj^ ljS\J}\ J* £jLi 

jjj *_»£ j4* .. Unix J ajLL* J*p *UaJj StatS" oLfl^JI o JUL. J iJi>«il jL 
oLJL«j 101 t Machine Instruction Set iJVl L^oJLw lf-yj~ ,jjd .Pascal j Fortan 
oLvJj" J-* olaA\ oLJUJl iJjL. ,jjJ- . Macro Instruction i>JUj <uJL»j 6 7j ol) 
(_JL*j -jj> i_ilLs jjJI iJljcJl oLJbdl *h*>\j> oJUaJll iJLU»} String Instruction JUUsdl 

Zilog Z80.000 Saa^l 

<l>f £-* 1 1 986 i^. jt-\j\ J Sy^ Z80.000 K s J k^ai\ «JUil oL*? c^-^f 
iSUj dJU* ■^Si jji j^Cd) Ijliy .1984 L*. JJIjf ^ yii^l -yi iiu>«j ofjb tfyJl 
L,if «_» National Semiconductor J ^Jl dUlljf Motorola j Intel Ji» Sjj^JL« Zilog 

. ijSwJl oLo^h.'..ttU iw^jlJI IjlJI J U> ^j^ Ol£c ,Ja^J C-PjUa 

1 6 i*~j Z8000 J 4j>£il oLf IjJI £-» fU^JVl i.1; LiL Z80,000 oJb-.pi jlrf 
J*l5" i^p JiU 4Ja-»ljj ojS"! JJI ^ Oy^i 4 *jUJ ijJiL> Oj^u of >i_Ja^J ( _^i . iL^j Bit 
ij_^p J?Lcl i*~j o^ijj .oj^IjUI 4JL*j S^IJUl *JaiJ i_iJUij iilij ,Jp c«5j .ilvj 32 _; 
oJb-jJJ jjiJij Jakfe (32 _4) JSliJl J Oi^i .**l*JI ^ly 1 ^ J>— 17 Jj>-jjj i.lp 

.Z80.000 

AT & T WE32100 ^-3 

•y. L^iltfl UiVj .1985 <0l~J J Jj'ISj oUj^f ««. WE32100 At&t c-Jli 
WE32103 j (MMU) S/IUI ^ SJb-_, WE32101 j L£J\ U-Ull SJ^-j WE32100 
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WE32106 j (DMA) ^JUil S/lJUl £jij JuL* WE32104 j illliJI RAM H pi^LI 
i^jj^U- uLiJ'il islijJl Ja<c-J of ^S«-* ' **-l— Jl WE32102 j oL^Ij^JI p-ij~J S-Jb-j 
ijii (ij^Vl JJli_pi5' a-5>j Transistor JiJlij fU*» 180,000 CPU i£y£ .J^.IS' 

. 14MHZ i*L. as i . U"t j « ,C 1.5 SJUxij • CMOS 



ollUlj 




(32.4) JSJJI 
Zilog Z80.000 J J>-U]| (»JisJI 

AT&TJJ -^ U.UJI Unix i^ki. Ojjt . Unix Jj~J WE32100 SJL^jJl Cw»^ 

J SJbljx* oUJaj" U 0£j ij»i*Jl oliJaJl J S^ i>-j.S JJ Sj_^-£» ^j 196 _pM$f J 
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J Unix aJISO. ■ Jhfcl Ijl>- sLf. AT&T;o>jJI cJtf \f\*>\~* . ijUslI l-.j-.U-I oUjku 

. aJL^j 3 2 4jl«o (<5jJwaJI jjJUil (Jj— . 

INMOS Transputer J5UI ^JUi,l 

iJLC* J J*-i-J U^ (***» ^>» ^JLv. Jjf j* INMOS Transputer 
JjV ^ ^ jj| T414 JiLJI gJUil U> o L>lik£ jU^ a^ . ijljdl *A-UJL1 l-.j-.U-I 
T800 Jlill J»of .2K iu-j «l»j J* ROM S/lij 50ns _. 5jjj tlr »J aJj 1 9 8 3 J S^. 
.(FPU) yJUl iLs^UJl U-U. «JL>j -ulj <-LJ>\j T414J CPU ,y^kjj 1986 iu* J 

. 1 1 J*wJl J ilj^JLI oUJjdl iej^jf l_-wJjs- ^Jaju \^>- «JL*il IJLa Ltow-. 



BIT-SLICE PROCESSORS £L*->I! - feu^A ^Jbu 

T-^k^Vl J».«."~.-; ilUi «_«j IjjV-^. U-bw iLojll itfj-1 jlfr>- c ^»— J N jl l-Jj 

Uj*JJ "if LJj- .-....,. .11 IJULj aJWS" CPU o^UjJl ^-Ilj-i ^ V iUj** . CPU lJJLUj 

oljjTj oljJ ^-j-Jl« *_« iUL£]l ioLU-l JLikdl SJb-jJU *£j*Z> ^ iL^>jJl lAjJi 
J Lc) ^jJ^JI ^JlxJU CPU J>-b J >t.L? oUULl l_/ iUjJl i^p ,>Wri . oUULI 
• J^J oljiiiJ oU-jJL«j cjUjj 4JU«j n ijLv-j U iwUl ALU *4j-£j (o}U«~Jl <2JUi 
1A J* f Uaj *S>«JI /»— i l_~S^j l_j£ . is^Ui SjjsOj /»^>«x]| L-iJltj Sjw»JI is£ ~jl ^,;...J 
Uj^P Ja—j jiI /i.>~ a il >_.l»?i . 4j^*^ «_*Ij*j <£j~» Uj*^ ,«*j ''s^jU" 'j^!"" *w»jJI 

. iJLi** aJUs'jJI «b£.j-i |»~wij J*£ jJl 5_ W SS' iiL»l «j4>-f 

•_jjjSoJ ?<-jlj-i 4 J.«. «:u .J lUU JU . <J% t oj 4 ja LJU- aJU«jJ| is^^iJ *j^>- J-^sl 
cJjJl <j ijS oULIjui bLJ i>-.L.l Sbl iLs<»jJl /tJij*i lI^JLj . iUoj 1 6 _j (/5jjw» pJbw 
J[ Ji^JaJl c^a JLas LiJUi JJ SiUil . CPU SJb»-jJ i jj^saJl *lj?-Vl jJIp Cwiiij j^U-l 
L-ik£ Jp iA-l«il ol-l>jJ i.jS'y V «j iie-Uail o"5U»jJI ^-Jl^ ^^4J J JbJb>- Jif 

. Jsljillj olJU-jJl 

iJi" ^-.f Jl iJjj^JVl oLj^ll j_»*^a Jj^ JL5i (jSL^^isIl jLJl jApj «juJ iL<j: 
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UaJ»A\ TTL(LPS) ^-JLU ^jfiy^A J*y Bipolar ~*Jk&\ ^.UaiVl JiU Ji. l^jj. 
IjJ AjlL ^ «U» ib^l ijitsll v 1 ^ 1 J* 1 * jr*^ '-k^ 1 "J-Jj .Schottky ajIUII 
dJUa -j* «juj .illijJl ,Jp Oj£JL*Jl ^ oj~5 5?-L^» UjjJO i_Jko jJl AilLJJ JbJLJj 

i__ jUaiL AjUtfJ 1 6 A*~j (J- ^ (Sj^ 3 7?-^-" i*-5*^" *-J^*l (*J*J OliixU x-*a^- ^/sliixJl 
ijJl i_iSLlijII JLidlj aJL>Jl J0JL>«lJ j j> .»,Q.^a. U jia^l (JlUJU . oJji» iJUj ,Jp AJtj 

X^ cAi\!£ Jp Jjv»J-l •>£ V . i&iJI yllaiVl oli MSI /LSI oly£. Ji- J JikJ.1 
aLIS CPU j iii^jj i^fj Sjcttjf 7=-Slj-i oLiJf tiJUJU aW^ . ^f p.*.^i-, olJ_jSUJU 
«_j|^Ji UjLj olS'jJtJl l Hi«j o--»Jii . o^Uaj «_jjL ^LijJI mJSI -JLlI jlf>- c^>w»lj 

. -LiJK*- o"sL^j ?*-5l^ •jff' <j^* }■ °^* o^ ALU 
. iU*_j 3 2j 1 6j o!)lv»j 8 _j ALUs t_ ^SJJ o%^>j *jju ALU fujl^Ji J»<uc«u 
<JiVl oU-jJU Ails' {jn..&~ iL^Jl *^zj^i .ALU tkJ\j5 Jk.^.^JL ^ sJL^i fy*JiJl <j£j 
aJLojjJI f-5\j£> (J o5lv»j 4 (<«-rt<9j ,j-» p^ij jLoi>-NIj . cjUjJIj o^U^JIj Jiljillj 
obl^Jlj Jily Kyi tf- Ja. V Lcj o!)U~. £-• SJL»j 1 6 _j aLU ALU S-b-j t i£ jl^db 

.(33_4 J£dl>Jl) . ^.jLt _#i pS^dl U .iaL»Vl 



oliUI 

(>J>) jut-" 




^jJWlJl pj»ljjJl 



( 33_4)J$Lill 
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■ ^ J* 1 ^r^ 1 t|>^aJI ^Jl*il j^ NO; uJkll 
JjJbj- ,jA)>«- (3 4_4) JSLill J .iL/jjJl i^j S_#>-f £-jj^ L r*j jC ~ J <J^ 1 ^ 





NS 


INTEL 


MMI 


AMD 


MOTOROLA 


TEXAS 




IMP 


3000 


5701 


2901 


XC 10800 


SBP0400 


c^LojJI JJ* 


4 


2 


4 


4 


4 


4 


v«Ji 


PMOS 


SCHOTTKY 


SCHOTTKY 


SCHOTTKY 


MECL 


l J L 


oU-UII 


4 + SHIFT 


MINIMAL 


36 


36 


COMPLEX 


16 


(NS) :jjjj| ^j 


9200 


100 


200 


95,125 


55 


1000 


filial J* o}l»~» 


7 


12 


16 


16 


— 


7 


i/IJJI o5U- 


— 


YES 


— 


— 


— 





(^•j 1 *- £>!* 


— 


— 


YES 


YES 


— 


— 


i 1 ii'* 


YES(16) 


— 


— 


— 


— 


— 


,-iJiill 


YES 


YES 


YES 


YES 


YES 


YES 


4LltJ>pl 


24,40 


26 


40 


40 


48 


40 


JtJl jJUill 




SIGNETICS 




RAYTHEON 

MOTOROLA 

THOMSON 






cMu-%\ 








SAME 

ARCHITECTURE 
AS 5701 




128mW 



(34-4) J£JJI 
iUjll J«Jlj-5J %jW Jj- 4 *- 



<> GP/CP Sja.^11 

National Semiconductor 

«jjf ^JJI iivsjJl i^j-i jlf?- c-»jl* aSjJ; Jjf National Semiconductor cJl5 
(•UiJ IMP iJl_^> ^jx] GP/CP V*' ol**iJ .PMOS i^ GP/CP i*^ 

«-ja iivtfj 1 6 i*«-j IMP-16 iSy^° i-Jj^iL- /»ljl>«Xs*l 4^-xJl CJl£ . (_5yi^aJl i_Jj^iU-I 

.-^U-l jjJt i)j ^ .(CROMsJl) j»^dl ^b* fjUlj (Ralus) ^Jl^ £_,jf 
J^LS" ^ji-^" i-Jj--l?- *;»waJl <»aic**l . »LliJl IJl» J Data General Nova J i j J x^ai\ 
Jix. oLS'j-iJl ^ cJUjcu»I . l_Ls»- aUjj cJU Mi JiJ-l *j^J . JJlS^Jl -^ JJS jj* «__« 
^-. . (TDY 52B ^i.) ijSL^ oliJaJ Hybrid -jj^a j^jj ^Jl^sJl d* Teledyne 
.iUjJl j«JljiJ j^Vl jU-I jjjs Iff VI ^l=M oJjJl J iUp GP/CP Sjl-jJI it 
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(35.4) JSLtJl 
RAM S/li o^Asw AMD2901 iL^JI U_,i Oul 



Intel 3000 Sja^JI 

2Jb-_.pi . yL* yUaiL f^-Vl <Ju^j>)l i*^ jlfr cis^of aSjJ Jjf Intel cJl£ 

Sjjj 3 000 SJj-^I fJJJ .(100 ns) IJI* le-j~^ t J-*~j> V^ 1 - iU«>j' <4^ ,__/> 3 00 

iHJJJj uixL^j J* Jm» J**J l^f oltjJl tgJb-l .oiJuc* oil-* UsuJ liAJi lp£Jj ap^I 
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. iJU **•_,*- jijj ^ dJU Jl) JiljJl -^ Ij^S" taJU> />Jij ^1 4*1* JJ ioJajJI i*~JI Jj 

tUif *J^aJl ifjJU 51.15 l^} t Jb-lj il)[ J £U-j aj^ ^j t 3000 J t£j>-Vl SjJLl 

" • f * . f " 

ij^jl) . JL>-lj 01 (J «-ijl^>-i «-l* (jyu jf f-Ja. t -.jj J ^i>- 5JU- ipjjtvaJl CjUJUxU <l)f t^f 

i/rji* Cr* j*^' f^^^i )■ -***■' *y^ • *j«*l *>i* jj* -1>«. "» "J <_ aS Tt_»-il t_iyu Of 
. Al~u SjJ.1 oJLa> \jj~f-\j j^UaJI UjJbd liJUi) SJb-jJl oJU AjjivaJl «_*| J| 

«Jl*iL *£>«dJ t y»J»J-l ^jJI ^yJ^osM J*j IjLsf 3000 oJb-Jl C*w-ji Jii 
OljJaJU iikiJ.1 oUJaill j* iJL*J .iJJJuSj iljk-Vl JojIj^J 3000 cJLjoJ . l S J iu t ai\ 

Ji.) ^^SL^JI ^.j-U-I ^UJ cJL*l-I viJJJLS' .(oljLiVl U-U, ^t«) ^g^^L^Jl 

.(AN/UYK 30 ^" J 3000 J^aJ ^ill Hughes 

i^w> <uJUj JS" ^jj^ . <J*»Vl 4j^w»JI if^Ji ii-JU oU~* t^Jb-j SJl>-JI CojIjj 

. o!)Uoj id^-j i*yjJl Jap- iOa^J jL-Vl a -IP JLpOsJ I Jaj LfcJu jJI i*JL>c]| J| OljijJl 

rjl>- jiaJl ( ^5UJLI jrip -jx 4jf ^juf . aJLp LJjIxdl jiiJl J jjjfcu Jb 0>«Jl IJU -^ •bjUj 
ik^-ljj S^lJJl J iyus<aJI oU-Ldl Oj^ «wji Alt j^j IJbb LUp . Oljio (^f Jl i_JLcJl 

JL«. . Debugging ^-s^adlj L^LiSOl j_ji» <_j ^^f ijl^l iJLSCJL* ^iL" . ^^f JJ aaJUj" 

5701/6701 ilaliHI tflSjJI Ol^lj 
Monolithic Memories 

J?*** ijy* j^y^ Monolithic Memories (MM1) ikJjj 5 7 1 / 6 7 1 cJU^sf 
AMD2901 <<^ (MM1) j^gwu' £_J . pJl iU«xJ.I v-UJl o%^»j 4 Jl ^^ail 
800 Data General Nova USL* MM1-5701 ^[^ Mi .(jlill ^^aJI j i_jj^J.I) 
Data General Nova CPU ^J^i^j U-I^Jf MM1 c^l 6 701 JLxiJj .1200ji 
JL>-^| Jj— JIjp-VI £-Jf; Jj .iillj syUj l^ f^b Data General -^ Jif olJ^SCc 
. Jpf ^^.j ^Iku oilllij j»jJUfc, 5701/6701 J^j cAMD ik-l^ 2901 
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Advanced Micro Devices AMD 2901 Sj^fcuW ijjinaJI Sj^VI 

2 901 UiCjb j~*S . a~-L» o^U»j 4 <*~j iU^JI jt-Jl^-i AMD 2901 c^~^»f 
•Jla^L. Ujtati ,oh-J SJLp U Oj>- M» viJUi *>jjj 5701 JJ fjJ.1 Jl~>- ^y> Silk. 
^ ^Jl 2901A J jS\ le-j^ Jj 200ns ^» N-b ^UJI goj-Jl j 125ns) o^ilj Sjj-,du 
Jltll J-~- Jp ^ 5701 Jl LJL 2901 SJ^JI J* o_/>- ,^1 oU~~>«Jl .(fj-Vl 
iij-isdll CjUJUJI t-in-^i LfU> P'-'-i tff" *ij**aJl O U J U JI Jjfc» ,j 4*»U<»] <L*»j 

.2901 yiij Oi^ ( 35 - 4 ) J*^- 1 ' l? - (Js^-lJJl JibJl Jp Vr-jU cJ%**yj 
rt-j\j^> /«-;jf <LJ~Jj jl^' '*** Jl*jC~.l; ilv»J 1 6 iu«j ALU /<-~*^ *! ^f-H u^£ 

,^0-saj J t^il-l JULcJl jyu ,oj*r olj^Sl. !.Ap i-iUaJ ^ Jjy>«Jl Jl LiJL-i ^ikJl 
C^i" t£rr ( 33 - 4 ) J 5 ^ 1 <J) -J»UI ^(y* ^P-y (*&>cJl j*~i Jl *L»>JI if^i 

. (iL>»jJI ^4j-i jW=r <lJ&>» -jp Ji* 

JLAj^j i«itji^ *LJ «_»jiy,l JLaaJLI 4j>-jljL| ,*£>«iJl i_ajU»j ***-/»! i»~~j cSj^ 
CPU olJb-j *U o^-^il jtJljJ S^>-V £-=rUl JUxl-VI >'f . SJbO*- ^ oUj5C 
ijikd i«J^\Jl *lj?-Vl :>JIp iJU- ojj-^u oUlijJl oIa cii» .t-iUJl JJlij *~wu t^f 
. ,v»L£-l cijJl (^ CPU oIji*-^ v*y i»t^oJ Staf o^L^JI 7*-*!^ «^»w»f .|»£s>*dl 
220 Jl v-UJl 2901 iUjJI <4^i jlfr ^-. iSjll CPU if-j*. J^aJ lUUJU JUi" 
y> aJl* ik-l,, yii jiU* j- AMD2901 £-J^ ^ .JtSt j\ <Uj 32 jf 1 6 J 300ns 
o*j.ly.ut J THOMSON-CSFj SIGNETICSj MOTOROLA JJUi J U Oy^l 
ATAC 16 Ji* i^C-^Jl oli-Ull JlJiSj iiywaJl vs-lj^l ^1-^: ^ jiS J J^jcl-J 

.LSI-HMj 

Uj-xi^- .Jit U-LjJ cJV L^S3, JI^Vl Jl ^^f ^t>Uj ^V i^j-t c*U>f 

MOTOROLA 10800 SoajJI 

^ Jl cJUjl ^Jlj 10800 H iij^Jil ECL ijSai MOTOROLA ci^i 
JljjJ ^Jl vrjU J>— iilij i^ll «JL» ^_iko" kLl *>J .55ns ojOa 5jjj ■yjj l^r iJl* 
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Texas Instruments 0400 Soa^J! 

jL_j*- Jjf 0401 ;jl»-jJI Ub-Vj Texas Instruments 0400 SJ-^-jJl cJLf 
S>dJ i&J ^Jiail i^X ,jb (^i*«ll o^l <-2kL.) I Z L . I Z L vfc* c~5j iL>j ifi^Ji 

II» .Ur U»>u v'l^ «U» iW«=-ly V^' v 1 ^ 1 **-/-< (M ^- {f) 
i+Z Ojjk* .J-Wlj JUJI I 2 L fllii v-S-y j£JLI ,>. J*£ «U^ ^Aiidl ib^Ml 
^jjl* o>jt . S-J^l ol*Ulj l_^LI oL-U- jwwJl ^>J-I olikd S^iL* i*-^ I 2 L 
J** jl . Ja4-I 6J -J . Sj^j-Vl oJL* jJ ^Jl bjJbJLI UL^SUI iilLJl jiji <Ki, Jji I 2 L 
0400 SJl^l cJL*, Jlil! J,-- J*i .<J\2l\ ^>\iai^\ **& jJ ^1 ap^JI Jl I 2 L !^f 
j£c Ajf i^l «_jjL>«JI c-4 • (AMD2901 J LyS 100ns JjUL) JLii 1/as «_, jp •y.j Jl 
[^jjJii jSUJ aJUJI cAp^I «JLa J* I 2 L cJUas- lil . \J*r iJU ol* r Jp Jj^jJ-I 
l^JU^ of (j^wiJll VIj_^£JI "U^ 1 ^f^b Ik»^I U^j-J oUj5ll £~*»«d aJUII 

. \jji oUiJ 4^-dl j JJ ^ 

Fairchild Macrologic 41SU 

JSl ^* J- 1 ' Macrologic iL'Lo J !j_ $*-Vl ■>. bJ_* Fairchild cJlAif 
S^-Vl oJL* . HAS ijj^j *Ls>jl\ ^Jlp S^-f Jir V 1,^3 JUa~Jl ALU jtJlyi ^ 
,,,*«! ./iT (j Jm»xl«Jj oLSJ-I aJU»jJI jvjIj-Ij ajjLipVI MSI o)4>-f jjv ik^-yu j& 

cjj_^J IjiS" .o*)Uy 4 ^Jl^iJ ^Ull p^.yi-Jl 2901 *^w9i ?«-r^f jLox»-VL 

.j>-l |,. j« .s <a: j rt-A^dl la* ^-Ijj of •jilc «^^l oLxidl <c*z~J-j 

32-BIT BIT-SLICE £Loj 32 &uuj 41ua$JI iajjJi 
AMD 29300 Sj>dl iywJl S^-V) 

■>• **ts" — *^°J *^ t^l*r*«i Ja^- Jjf (AMD) ajjiail iiji-^iJI a_^>-Vl C^JS 

^U*J IMOX-S WbiJl ^.UaiVl iJJU icvall olJb-jJI c*l^-l . 1985 4l- J iJUaj 3 2 
29332 ALU ^bllj 29331 ^^JwJl ^Uj-Jl j* JaiLl ^ilti, djJL* 1 . 5 
UstfUJI £-Jl~.j 2 93 34 o^U-Jl i_ily 2 9323 hj\ji.\ ^jj^i\ ij^jj Sequencer 
,,-jJI .29818 iJj^JL. J4JI J^^j 29325 Floating Point Processor SiJUaJl 

.(36_4) J£Jl J ^ 29300 aUUI JaJ**Jl 
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j^^^iJl U£jb J .2901 Ji. ^j ^Vl p-«2Jl 5iO> 29300 iUlp J»*i»J 
|n -J&ll J .aiijJl ^ Jp ijLJ-l ijikdl SJb-jJlj RAMJ>w *_»^i 2901 J ^J\ 
iJLa^Vl J^-Jl UJ *Jjf«J t j5Cc dllJU <>^j . iUai-. Jjljj J o!A>^Jl Jai^ ^Vl 

.29334 & IJ\J,\ jlU, J^JLi £^jZb\ 29300 (1 .,..,,-,tI 




i^jULl 5/IJJI 




AM29818 I 

oil 



IJt 



]□[ 



Inonl 



AM29325 ijljJJl 




3-*. 



(36_4) J5LSJI 
AMD 29300 &UJ .^Jxidl ^1 

Cj\j£ iKJil J*jO~J c 29300 JJUj iL'U Oii ^LiLJ' J* £*/"•' til ^^1 
Jily #}& USLa g-jliLl -yi 29300 ilJlp J».c»J .*L*j 32 i*~o i«lj iJWj oUL 

.ui*UVl ji ^JLlkJl JiUl jl> *JUi Lr SfJb 

. LaUj^ i_iv3_j «_* bJLa oVl j?^~* . iL/»j 3 2 

WAFERSCALE INTEGRATION WS59032 iaJJ\ «yi ^^ 
^ jU5i o^v»j 4 i-w AMD's 2901 iJL^Jl ^Jip «*«>• ^JJI ^-Udl U^kU 
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J.^,,7 of <j£* ^Jl b> Slij > 2901J vUill obSl&l WAFERSCALE ^ 
iJUi COMS WS59032 £^4 dUS J «UJ .iUy 32 iu Sl^j, l£jt, ^^ci 
u,}-u-^U LiJU ^l.U. -Hi) 2902 -^ olJ_>-j itjLi) *jl_sai Ojj-^1. 2 
SJL^JI jjiJ .L.UJI ^l>bU J^-32j (CARRY-LOOK-AHEAD UNITS) 
UiL fi^ ^iySj 2900 aL'Lp £* i**?~^> t^Wl *i>vJl jj^JI oli (WS59032) 
»Jl£ll Ujf ^ ^Jlj WAFERSCALE J PROBE jUi v-Ull iyjUl g^ljJl 

. 2900 J tf^Vl *UUI aljrtl jliJl j-UaJU 

TEXAS INSTRUMENTS 74AS88XX 

SJtill ^UaiVlj CMOS J Oi^adl -^ >tf TEXAS INSTRUMENTS el^l 
£~, JI^Vl cJUof ^Jl 74AS88XX *JL*j 3 2 i**^ o^UjJl ^-Sl^ IfdWp ^j^aj ^p 
i_^u (.|j) o^U-. ^ iv-tyl gJljAll iJ^j* Jl~cu-l» TI cj>lk-l .1986 
SJL^-^JU uoJUyj (tl^-l ^^ c^Ujjf vU-JJ 4 J ^l«ll ^J 32) 64X *JU<y 32 
^51 LjUtj . U ^jUI 74AS8832 iyu*ll ifjJJ JjUJI CPU J^b J oLJ-i UkLl 
oLUJI -bSf oUUl oUK j^.ji ^JJI 74AS8833 ^ SHIFTER ^y ,y iL'UJl 
4JU* IJ^-jj oLJUdl Jui^ ^&>~! i|JJl 74AS8835 ^j^\ g-^oJl £jby JuLJ-l 
74AS8834 J^JI uiJUj 74AS8837 UJUl iULiJl gJUy 74AS8836 v ^l 
5JU0UJI g-JUy uj^oJI SJb-j *-i*aJ Irt . CPU Jp yjdl j^dl £_*i- v^»i o^-j 
TEXAS «JL«m iSj-^\ JiL^j- 11 J-**^-~j' Jjj-Sv 1 1-CMOS JLojcu-L; iJJkJl 
J ^ ie-j^JJ J4^d\ f-jJl • (IMPACT X) OyhJ Oi^j INSTRUMENTS 

.(37_4) JSLiJl 

.iUy 32 iuu ui*Uil» Jsly 5J!AJ JJUMjJI oVUu^J 74AS88XX iL'U J*jc~J 
jljJ? L«i JUjc-iIj i»_jkJJ SjS'li «_* t-jjjjd) aJU»^J| As-^iJ :>lJU>Vl IJLa £_♦-«! JLidl 

WEITEK 7000 iJUL. 
Dj^> 1 . 5 aJUJjj iVj 32 i*~i JUj i£j!A WEITEK 7000 iili, ,y> ojai 
^,j^i\ SJb-j ^,,U -„.T .JJS\ j^dJ oUJay S^Jjl U-Ull y> CMOS TTLJ 
.il^y 6 4 H iVjijll ii^Jl oLU>- j^J of WTL2264 UikJl il^UiJ I^aIIj 

*JI^ **iA (>- , - iL y ^J 32 -i ALU i> WTL7137 ^JoJl ^JUil t^ 
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«_iLdl JojLJ> t y> \S <IvJLJI (U^j . A— o—illj «_j will SJb-jj iJL2?- 7?-J*$ SJb-jj 

jUiLb 14 J-^jd oUUjil WEITEK U£j* j^-i .WTL2265-ALUj WTL7136 

L&J Jj^ii* JjIj J.a. o .,.0 .jl>-Ij t-I>>-J_j -k>-lj Jl>ol J*^j' -J^-lj »M^ iply Ui*M^ 

.UJloIl iULiJl gJU-j ^^Jl ^JUllj ^ilil ay. oL-Ldl 

SELECTING A MICROPROCESSOR $ju* ^Jlxo jluil 

jjp <_jL>-l il*>*J\ IJLft (1)1 «_4i . Ij.j Wy ./Jjj iiixpj.1 Aj jk^ai\ oLA-Uil a-jSJ b-^ijp 

«JU. ^fi : v-L-Vl ili-Vl JSSt -y Jb-lj Jp ^ ^ Ley Syl^ll oUwll dy- il^-Vl 
jU>-l JUp _^*j il)f <_*£ t^JLIl jL*il tp — ill IIa J ti±-*^-. . «?(dJJ ( y«s-Vl jA eS^r*-^ 




(37_4) JXiJI 
(Texas Instruments) 74A S88XX UjacL J*Ja>d\ p-jll 



CRITERION 1: PERFORMANCE *bVI 1 jLuJU 

«_Ja^-j i^jivaJl «_JUil 01? Ii| IcjijA t£/i-*all £7^' J^' •*** t5*^"^' .Ar*^" 
Is-j** J..la.tll <-Jiaii Jj»» : J^IjA jLo il)f <--£ JlJ~< Jjti ^jJUall *bVl (t-t^J 
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«JUil* dL)i5 yH\ ii\S \a\ T5JU j>~* ,>. Jit J^ SJOJ.1 oU-LdD 3Jcsi\ Ji. ( UAi 
^>^JI ^.jj-UJLJ iU-jJl i^^i ,,-wiJ J ^ of t5jjj-^JI cy • ^-ff J* 1 *^ 1 i£j**Jl 

• iSj*-^ i~j~J' oU-Ull ^j^rj j\ (<Jh} »_jUaif) a-j^JI 

.Us<»5 1 6_jf o!>U?_) 8 i««j "L;^*^ 1 " oU-LniL Jj>\jd\ jjSU-i v_JLiail ^ OjJI ie-_ r J\ 

O^vay 4 «U«j Ajjk+0 CjLLIjm JLjCL<iI ^j^aj* iwJUul j_jA C - « ».» ' *£-j~J\ Ool5 lij L»l 

. jLla- ill JiP yv*JI Ji* ,>-l jLjw (jl*jC*«l ?SSj 

g-iljJl .BENCHMARK PROGRAM ^j- g-Ujj *Liil v^ V^ Sjj-a; 
j^. (j-JLi liUJLIj oLJUJI ^y» IkJU- <>a,. : t»:ll 2~*I^JI i5_^ tJaJ-l *j-J .ijcj-j^ «-»l^ 

yjj" lili ^^.jiJl *~&ll i£j£ aJU-1 <illJ Jil .di^-ij^Jl)) ijufjll p-*I^JI A^t Jf-J' 
tpiUJi Oli-kj i_J*f J iJL*Vl >*aJ .SlSLJtl J^Ai^i j-iUallj JlSCJi ,yjj| 

y> JJ* «_Jai-j) Sjdill ol. iLJi . J I { yuu t-JkS . tjj^j! jy a— *jVl *— ill jbiill C)IjLa 
. iLs«>j 1 6 in~j Ajy<-o oUL-Ui (iil£)l J^>«i; t)f *jf>-Vl t ^«.«,'>^.« 

lfa.Qj| u»aj ^1 CiIoa^II JOt :2 jL«JLI 

Oli ^J*«aII i* j ?^~I »-l*l» j i a .,... 7 . iil5UJ (^Lul jLjm OlJl>-_Jl ,v=r«>- A-iV r-«J 

IJb- i^JLkjj 4-^*^.1. iilS 1 Jp "<>j~&\ p>«J-l jfjj" .*i>-^Jl ^----.I^J-I Jp oJb-l_Jl AilijJl 

oU-Ull jL^I ji>" iJ^V ^-^ ( 38 - 4 ) J 5 -^ 1 *j ^4 .^lyill ***■ u^ JjI 
:(38_4) J5LUI J ^UJ'iH JaLiJ.1 Ow .^-yi ^j\ J->~- iJU ^-jJU Lfrj 

ijuJi ^f i^^i ^ji iasa jiVi jJ-i ^— yi grLjyi ^jta, .iOjjjJi auijj j.us»vii 

iiUJI .^jJl olilij JU-i-'if i>U- ^IjJl j^byi Jj^uj ^ dUJU .olili^J JiVl 
li[ . <>-L^U-l L_**MaJl ^ <of tgf Oi^UJU j,,,...^! Jkiai i^A ■yljjJl oUj *JUJ liUi J] 
Ji 2 <y >-Hy i£j*+0 i-^-U- JUjc«.Ij UjSo JJ-U iJ15" j^p Jjyi4 iiUj *lif ol^ 

. iJUl Jibllj S^IUI ^>. v _- olilij 3 
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i,ljJI 



(> 100)^ 



(> 10,000) 



1 






(>io,ooo)r>i_r 



111: 




/iP 1 JilS^ll 





5L5 



SU.J 16 
U_j 32 jl 



1 




iU£JI, 



if W 




(38_4) J£_JI 



jjuo LAJU-t iwjt jjjjLjw i_UU* Of ^ .(38_4) JSCUl J JjjJM ^^ 5^. Lp.> 

: 10,000 ^ Jif iJL*) jUpVI 

<«tai i£j*+* £-"•** fl-i»*-vl i~»»- ^r^j h-I t-i jlAIja iiliCJl JJL2J 61S" IjJ _ 2 
. ijti>m^t iiLSo 4J15 oj Ji jiji ^JJl cJ%fij 8 ii«u ^j^wiJl pJUll JJ 
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AVAILABILITY (i*ljyi) £&! JJuiiSJI Jjju :3 jLxU 

JiLJU JjUjj a^lJUU JJtij }fcU j^-J (jplij Uajl •_*£[) Ijji^ U-Lui Jaii ^J i.^]id| 
*i o^L* rji Jjp iUlS' OjJai* ^ U>«^J S/ji** ^-J «cf . s_x*-bU S*j\jJ> \j\~dj «_iJ^r jSlijj 

.iiUiVl olySlI ->. ^ U Jif ^yt of v_^ LSI ^A 2L.IS3I Ojkil 

<USj"l ui'lUjJI j^aj 1^ . ^ jj| JJlij Ij^JLi. jl viU JJj ^sa-lf JL^JLl IJL* Jl- iilf 
oUj£« dUifj i>vaJI oU-Ull ia-Vj [tJu jU^Vl U*o ^JLkS t 4^lj Sj^ SjjjT 

.itiUlLSI 
SOFTWARE oLvmIjJI :4 jLudU 

J 5jLp S^L-Vl JS'Lill J^-\jpj . ii^ Uf. i5>-^ll £-!l*U i.^ku £-*£ _^y . JUbM 

J ^>^>* J-> Uall •!* . if jJl J-f-J "v-yi* jiUr. Jb-jj . A^Jl j jkl f.|j&£j Jjf 

OlS" lij t5j>-f ijboj . £-*»L> jW^ Ij 1 *** olikdl «i* o ■>& of >_^ if^Jl J.^.-l 
ASSEMBLER ^U ^^u Jt£u>- ^Jky J^tll &I J if^Jl Jp (pU J*»jJ.I 

DEVELOPMENT TOOLS jjjlaull oljU ^lull 

jL&M *J^f-j ji>W *W»i Cr*~i c?JJI -Vr- xA" f 1 ^ oUjkJLI *_J^V yji 

.^-IsJl J^iJl J a^y j^kll Uur .ROTOTYPE ^jVl ^i^Jl ^f 

SPECIAL CRITERIA jali. jLuu :6 jLuUI 

oUiJ -j5^ . JL»to- «jjj*0 CMOS rtj< i. /i , V p . . /^i ^L-f t_ik»_j> L ^ii>Jll iltAf^Vl 

. JJfcJU J f Ui»VL 5^0^- O^' of I 2 Lj SOS Jt. jj>-f 

oUs*»lj>il ^^J dUJ^ i«--dl Sjl^i-I i>.ji ^jl. jily ^J| «M» JiCij iyujl oULUil 
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.(JAN i^-UYl £-"lo0 38510 oU^IjaS 

Criterion 7: Cost &1&JI :7_jLuai 

J**i~* *&i, ^JUI jlyUI *U^V \Jit fcotiJUj ttjlj* JtSVl jUll U153I jiu- 

i^ v-UVl L-ijUU .uiLH5i up £j** ^ £bi^U aJKJI <as3l .jLjJ-l 

. i~)SjJl ^LJi iiK • 

.oLfljJl 4A1S • 

,£_**>wJlj £_JU<id[j i_a£SU| iHS" • 

. i-uJl jfljpi iiK • 
. &L*aJl tils' • 

i^Vl c/JfU-l U*\ j . (.JIT *bVl JjSC Of lyi J*) v-jS^I jl~^i jyl*- ,y 
oljiVl jyL" £~#> dUJL) .^S"f jf *~-S>dl A-Jl til* Ji* 4~*il ,y> oLfl^l &}£ jS*3 
(J /ijii£ J I— «-Jj }L«Ip ji^Jl liiUjik-y i£ji~ll iJUll •-J^.U-I Ail jJS'i J Lf tilUiiJl 

.iiLSUl 

JUL tif^JJ iJWjJI iJSUAl ^>UaXlt jZaZ .oLfl^l ills' *j*iJ o^J-l i_JUa7 

iilij Jp *c^A' *J_^w»JI oU-L«ll »^Lp Sj-jSOl CJ»J-I *-*-*oj J-^i . SliwJ.1 oUjJaxU 
jSCf . CJ%fij 8 jf 1 6 i*~o i^«V oU-U* JJ -j* (5j>-Vl oUJ»Jl «_»ipf ^Jii . iijAA 

. *X*>j 1 6 A.H...J \> m yi*& ULLiw ■ 1 ■-*" l)I I JL>- SJUaII ■*'! J^.Urll 
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jJLJ If jrjiSi Ja«uf i*f« ,_,* ^U-l cJ^JI J J£6-j>»-a)I» i|yw»JI £-)Ull jl~>-l 4JU* 
ibl$I*«ljf JUoiiC^ iilSjf SJU ip^-» •jP iij««Jl Jio^uL** Jb-f 6j£> JfUs- .*Iaj JjV 
LiU JLlj I JUU jUs^l jc-^sOJ SJ^JT 5 j>s <ij t£j>-Vl J*I^*JI jy V^f J^f ' **^J Lt< m^A 

oU-Ull i*Jli J~yaJ (^>Utl.l J-^i3l IJLA J CwiyCJ jJl jjjUII -ULw' Of <^£ . ijIUi 

Ji« ,Jp <J>v*>JJ .J-^aJI IJ> J olkJ.1 obLSjVl ,y J-*I^Hj JLii-jj »--Pji-j ,_£S 
v_iJjJlj i«jJiuiJ *Jd-\ji\ £j%^>j£\ jt^U* Jp Ulk« 0j£> of (£jjjjd\ J^i j^fiJl 

»-jiij dJUJLI . (J-^iJl I jla J a-s-^I^I ••^* ^ '**'**' iSjr) ■ *v^l ji^*y °Wf '.«■"-> 
aJU-jII dJU; J . 4JL*st i-jI^JI ^ji Jk3 ^jlill dj& of -U; iJU 0^* J-aaJI IJL» f^i of 

l_^f g^t^waJlj ^>miJI gJUl jl~»-l i*^. J*£ of v£ jJlj pJI Jlj-Vl J *Jj& 

• V- 

*j . i£j*-0 7*-^** t>* *sV* kjliJ. ^y*^' ^s^LuJl A-c^f Uirf Jola£ rt-w-jl 1 _ 4 

: iJUl cjU-UII J lu.^dl *-iJi>Jl jv»lx>Jl cUUj Jp- LL>- -^.jl 

8080 (f ) 

Z80 (.-j) 

8086 (*-) 

68020 (a) 

Z80.000 (j) 

80386 (j) 

?*L^>j 1 6 i*w iywaJl oU-Uil Uj^ ^ L« 

V jlill jJUall y> L. 
?Bit-Slice U^l i^^ ^U. y> L. 
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ok-, if a^jj J* f^JUl tfli, JaMa o^S o"5U- ifeU JUiil ^ Ja : 

_ J* RAM s/ljj U^b ot>U- v^jj -^ ULJI i^ULl obuJI ,y» U : 

•^ 40 _, <_iUui J* iUpj 1 6 iu^ ^ jus. gJU. ^jj -^SUIl ^ J* : 

?^yw» ^JU* jL^I i^il jLs>-^l j^U. ^ L. 

ja JiS\ oLwX gju; iSj-iup £_!Ljw j^ i^JJ i^^kll jf ^ j-'A'J 

T^-L-Vl jL^I jU. y* ^ 1 100,000 

? r 5^Jl i^V L.L. IjLatl ^ ^yvj| gJUl 0>& & : 

ii~j (£/<-*> £-"•** £-* -Jijli* *U*»J 1 6 i«~o l£/wJI gJ^I oL> ^yk U : 

?olvJl ^y* L. ?o}U», 8 



5_4 



6_4 



7_4 



8 


_4 


9 


_4 


10 


_4 


11 


_4 


12. 


_4 


13. 


_4 
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4*4&**u £*i*r*ir q-u*$-ji 



5 



Jdfll 

. (£j**<t> f^-IL*-* iyJai* jt-^tjjfcj 4jj_jj^ail CjLljiCLl (*-**? <UjLJI Jj.^a.11 j Luijj 

Ji dj& iJU-^l dllJ j . rlj^^lj JUtiNl i}4*-\ <-i}j Ij-^'j o^li If** Jajy ^ ijS - ^ 

i_j£ J-^iJl IJlA AjLfi J . (Sj*** i^Jj—ls- *_~*>«J hj^yj> ji- <b_fcs)JI ^ ilvaiil AJydl 

Standard System Architecture iiuMII k^l <hKwi> 

.(1_5) JSwJI j £l~» «^LiJl)i o"}Loj 8 i*~j ^ywjJI UL-l** o^Jii* <JI£j» 
* * - f * i 



*"~j 0>*M^ c-jUUJI JSU : aWJ S^LJ Jil_^ (1-5) J&iJI J iuil i^lidl jj*i 

ijJwaJl oU-Lnll j-«-^j ^j .CPU «Jb-j J^«iJl ^> (/5j*«JI ifJM (J* i~-« 
*U JiUl ol^ UUaif of CPU SJb-y ^ .SjjJUIj ijlkll feUi iJb'lj (MPU) 
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Jy*J) Uart $\ i^l>Nb J^V 1 oUJ >"J ( RAM J ROM ) ! / ljJl cf* J^ 1 £-* 

i^su-ai^ oUjSC <_Ji»; of LaJ •jSlc . (t^jljdl «^»JydJ) PIO j (CjLp jljX* Jl oUl _jdil 
cijlilij (JlUJiS' I*oU- isL< oJ^sr-V L_ilaj jf Uajf -ji^C cOLJa^xil Jajlj^i Ji* i^j^f 
(oUj^«JL] JVI JiJLl) DMA j (oL^jVl fJ lV.Tl) PIC Js» Scheduling Chips aJj-^I 
Cjj^ v'k^ 1 ^U^ 1 .>■***• dj& $ ui*^ Cy .(J-5JLJI Js^I jJI cJjdl) PITjf 

«_ji S^-iLt Uj LSI olJjSU f-s^ J-^y ■ "UjJiuU ijjilail iJLj^JI isLkJl oL^~*« .yjjxl 

.ULi^j jJI LSI olySl i~AJi\ Sp^fJLLjf JiljJl 



_I . o1L.j 8 <*-, oUl_JI Jili 



F_ 



ur^i 




t^M'M 



(1.5) JSL5JI 

3 ; ,j|j5,ll ,_Jy<vxll »JULl i«_jJii« 



cLUi J**i Ujupj .i^lUl ,^»dl oljLib oldJI Jily Si^uJI JSU J^i ^ CPU 
. iJUi <i jk*p oLi-U-» ^ iil»l ^jJU-j . <L»lS" i*jJiu a— <k>«J i_»j~j 



CPU 



OAA. 



Assembling A CPU 

uJLk; . (CU) ^iUJl «Jb-jj (c/)U-, Ulj) ALU ijSjll U-Ull SJ>-j ■j^S*" 
i^ jJl^sy S^ly vrjl^- feLy (MPU) £>* £*^ "'^J 'J^ 1 J* tCPUs 
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MPU J_>-Ij J is\ — !l Sjjb c-^ .(iailj-^Jlj JjLJl oLf>^ Ji«) &j>-\ JuaJaj 
.jjJJ OjJi; c-i> ii^AiJl v-U)l JiljJlj *^UI -USUli viJUS *^y , iJU-l ol^UJU 

.(2-5) J£JJI j CPU-8080J U*iJt cj%*j}\ jfa *~>,U}\ CPU J JU5" 
ipUj 8080 ^>^ gJl*. ^f :CPU <^yi LSI jJlij i!%* JiVl Jp 8080 ^Jkai 
Jj'ljf ,y l^\j cJ6 8080 of /Jb" .8228 Ojk-. iuLJj (SjjJUl Ltflj) 8224 

.Ot-T i-> l^LJi dlJa J] aUil .(+5V t-5V t +12V ) «ji\rf£Jl tflkU olyi-* 
JibJ ijJJall JsjkL-l «y^ Aj^x! 45jj=* ofcu-Vl ,y c-ilS" jjip Jb>jj V dJUJJ i^ 
jJl dL-Vl Jp j»5UoJl oljLil v^y i>^»«J 40 _• ajl* jL*.Vl iJlp of itu>- .*S^ci\ 



INT 14 ■ 
INTEI4 ■ 






4pU 

ctu 



STSTB 

mrju) 



25 
26 
27 
29 

J 31 
~JUI 32 

(MPU) " 
40 
37 

?» 
34 

hold is 

HUM 21 
DBIN17 

wnia 



10 

5 
8 

SYNC 3 

READY £ 

RESET 4 

•I *2 



3 



22 ,15 



3j 



2 

w ■ I 



21 JojLoJI m 
8 txn 7 

MEM* 24 

WEMW26 

l/OR 25 

I/OW27 

INTA23 



^BjJlJiU 



.otilJI JiU 



L^iijai 



INTE 



INT_,/ 



(2-5) J&tll 
jilij 3** (8080 CPU) i jSJll SJLUll !Jb-j 
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^IjpV oULJl Jili ,y J»jk>- iJLi] olyi ^-jjJuHj (8080) SJb-jJl *jZ 
•y> ow»jJl oU^Lw t&Sl* Sjji JS {ja Tl iU-jll ftUJf tCjULJl Jili J-*^ . ( »'&>wJI 
. j»i^>Jl oljLi| o~ilj oULJ I JitJ ^jl^ V»f £j_^ 5s»-U-l Ll)Jb^uJ iI»jJl oJL* . l^iLu-f 
cJlS' iJLill Oli-Vl of ii-9- .(3_5) JSLiJl J JjJcLl J Jul, V 1 *^' cjIjUVI »Jl* 
J^XuJ cUjap ,*i^ oljLil 8 JjiJ 8 8 ^^wit j^S JUa oULJl JjIJ Jp SyijX* 



oULJlJ^- 


ijLiNI 


** 




2 
3 
4 
5 
6 
7 


INTA 
WO 
STACK 
HAIT 

our 

Ml 
INP 
MCMR 


jUma-TII Aui g MPU 
ij^lill oUU oLiUI JJU ijiL- 



(3.5) J£Ul 
>jii oljlil UU 8080 oUUI JiU Jp jfJi; 



»ji; .8228 ^ i^ls 1 ii^« Intel oJUof JL2i i-JVb f-jjjJl II* J-f-J J>-f ,>• 
cJ%**y jJLJ . jJjbJJ <i>-jtykS' J-»juj oU^Uil ^p cAjLJI J-sa«j 822 8 SJL>-jJi «JLa 
: <J s rj ULl ^S^xll JJU «iiJkJi ^ oljUJ i»>- 8228 jOE .(2_5) j£Jl J 8228 
Sj^-V ^Ijf fjil) I/OW j I /OR j (JLixJJjf 5/IJLU v^ljf fjil) Memwj Memr 
.cAO JiU *^. j**£2 Ljif ^ 8228 J Sjj* ^f .(iJ»Ull jJLj) Inta j (iibil 
cojIp LjJk;) 8228 SJ^jJI .s^j v-, ; .^; .dUL JJU Jo ly-t **y> 8080 CPU J 
jJI W*JM dJUJL) ij^J .(JiLJJ *>^ ajw Z80_>f 6800 Ji* tf^l i^*ll oULULI 
• iSy-Vl oU-UJU ^J| JULJ SSiIIm o_>& 8080 CPU J J*~ 

^jU- C~i* u-JIiTj 4 0I_j-j«j J»Ul p-JJ-*^ t5^<Jl ptJUil Aj Ajpj OJj t£l J 

.iUaiu £■>£• Uj^pyk cJil Ija .oljLiV! J-*a» ^f t Demultiplex ldIj^L ^-jj>^1 
oIjA MPU J* AD7 Jl ADO OU-Vl gjJUJ .(4-5) jCiJI J 4- C-SLI IJU Jt. 

.Jill J oULJlj DI>>Jl Ji* tuiiiJ»j Oh 

of c-ill c^pV ol><Jl ui^of Address Strobe (AS) ol>jJl U**j J**x^« 
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*Jl>- (J ^ objJ.1 iJ fi*J t UIp aJUoII j«Jap . Ol ^Jb *>"j^ jLw-L "<iy^f> oli-U^ iif 
_^Vl p-fJl '*** J*" 1 ^ ••^^ , tP^J J j' «j^lJJl J Wj*-f Latch c^il «_*si .8080 

.8085 SJ^I J 

.(RCjf in*«iy iyli*) iJajw jIjxaI 8jSb JLjc—I -j£c 4L~iL>f ">UIp ISjJI 



AS 

ADO 
AOI 
















" ¥ 




(741S373) 






















* 








* 










* 










* 


A07 




























" 


" 


" 


^ 




* 




^ 















(4.5) JSLUI 






oUUI 
(o5Uj «) 



Js^jJ ^~ ..jjJO ^ JSIyJI J^ h» . Jil^i «*& llufj CPU D^l U*i JOl 

Connecting The Address Bus &y*S\ J5L» J^^i 
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Ji UU>1 • M> Of J RAM j ROM Aly* ^s y* .l$i.U gj>. ilSOill <JL* 

^ SjLjJI «JU iUS" cJlS' . iu* ^'1 y, S/ju iiL* «^>-f a^ iUJ jLtf-l ( ^£ dJUi 

ii«>- J-i»«JI &j^e- *^ l _^a»<iUoj J*Jif 't>jj+a> ^-fJI I jj* a>U)I *— ill j *-**f~» 

SjiiJl ja JajL! jLi^'VI ?<-~4i iij^«il iLLill «_^>-Vl aJl* JbO<£ ^ *i^l» 
Jajti i^JkS J^Jl oUjkJ.1 J . Ifs-as^jj L^ltLo i_^ *ij*v» oUjiaui J5S"f Jj&j iUjcuJll 
luj -j£r . iiyuJl o^U*. J| f_>jJ ^i tJLiLil jStf, ,y JJJ aJ*j S/IJUl -^ ilj&c i^ 
ij^l yiijJI jL^-l -^ «_« S^iL* iyinJl JJb- j* oL^Vlj 1 5j 1 4j 13 oMvo^Jl 

. iil£ll JUly JJli^ll j jlp ^^1 IJLa . o^Jltf 

1^}L<I Jajj SjIa| t5jjj-^Jl j>* O^SwJ i*jkdl a-~-*_jJ> l**-^ j*Vl p)J lij Uj*p 
ik-ydl oUjkJJ (_s:_^ v-^Jl liA .i_jiJail iyi»Jl o!)WL* JJ 4iL»l Ojjiw Iftf^y 

ljjj^> ^f* LJ>V liJJj J*p ja iuJli viJJi ^^uj .i^L* ij#*Aj\ S_y5"li Sal) tJp-V 

. olJjSoJ ^* a^^ W JpI i^j^-saal A». h . " >-. j 01 

j* i^LJl ii^jJl i>wi .iJjpJl a>^J i5j*i ^ l Ja^~\ jLa>-Vl ij&d if/^Vl it-Jl 
,jyu Of iUy 16 J Lj_^u -jSCc .(7-5) JSCJl J il" ( 5 - 5 ) J 5 ^ 5 ^j^ 1 J*^ 

. Lijj* 6 4 i>UJ p-i\y> 

iUy J (1) ROM OjiwJ *( 5 - 5 ) J^JJ ^Js^-I *J>^I -l*k£ JU<eu*L> tUU* 

■12^1 

OOOIOOOOOOOOOOOOj ROM ij^ fjU' JJJJU 
0001111111111111 Jl (JGJij 

J RAM ^jjLp fjLJ tLUJb [^ . (Lj^*>-) 4K X>y* lij-^Jl ^UaJl J ^jLu ^JUl 
Jp iU 4K j»- lillic Of *^r -jSJj *;!>- IK iui RAM iiik Ul* J .4K Oljull 

Jp 15j 14 oM- 1 "^Ui LAjW^ 1 iSyr oi&\ iibil (ijl^ »Uil &j£ \jS-\ 
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iLwcJil jf- hAA\ (7-5) J&iJl J ttlbLl 4»-Lll u*J - 32K J 16 K *yi«J1 




(7.5) JSLJJI 
^JIj^ -y 2 16 -^ Jif t^ik; i-^kll of ^jii; Lo U UliiJl S^IJLU JujxJI i»^i $>Lvi 

* f 

Jl >■" <>• oiJ 1 * 11 J**^"^ Ot-o^6 ibb. J .iaJUdl oUj^l tyj jil^ll jJbJLl 

.RAM iSji*! 16K-1 Jl 12K ^ ou \^i\ J*^V of j& JUi5 ROM iyuJ 4K-1 

.RAM J \S cJ^Jl ^ j ROM jLsA. 12 ^Jjll J iU^II J Al ^a 

iUS Sj.U'b! jljk-^l Ojp -<y l^Jb-'if jtjjljxj £-<y=U oLJLSUVl ^UfcJl .1* j jj. 

.UU1I iyuJI ^j <L Jdl i^\ JJ J& oVl Lpj .^IjJI 

DECODED ADDRESSING iliaJU ii-^uUI 

vilJi ^*j p* j»j ilUll JjyjJl iji; ^laicl. jb-lj JJk Jl kjoo i»jk>- J-^j- 
JU of J»>jU| ^ (n) ^ Uj^i jir .LL* » olyflLl' ->. jjSJ ^ sj>.|j <,j$J jU>-L 
4 o^Ltj o^Uj 8 JJ 3 o^L* ^ faji. au, ^ Sj^iil o^UJl .1,^ 2" Jl 
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oI~~~jj ol~x«; J«xl*; . i^-Lll oL-Vl Jp d\y* ,_^j*j itL^o J>«JI jU>-l *ii 

• J^ *»>*j c^ jL^-I :JW+-I jL^-I jl*^ 

Linear Selection u^n jbiiVI 

jf <^f te^iL* ojj^jj aJjSCi jL^V iij^Jl JiU A>Ja>- JbuLl jL^-Vl ifS J^jO-J 

J>-b aJIjII i>i* JLis-l -yi Jl* £j£ll jl~>-V iLwiJil i»jkL! c~»b U «jJu^» 
. RAM !/Ia ^ IK j ROM S/li ,y 4K UUaJ of i>^ i. JiJ, -jSCj ^ . S/l JUI 
jJl iUj 1 2 I*, a* 4J>l«JI J2J- oSv»j ROM s/Sli J^b 4K &j* jL^I i_, j* i_JLk; 
iUj 16 ^. iJUl ^-jjVl o^U^U •_■& ^JUJJ .(2 12 = 4K) iijijl *JLL IfJLb- l^ 
s^a& Jp-Ij Ja>- 4l y.j iili Jl jU^Mjf 5iU JJ jU>-l JaJai^ - J.«.o.vJ of &^J| JiLJ 

.(5-5 J^iJl >j|) RAM jb>-V i^j ROM jb>-V 



9PP 



Jlfcll OI.V-J jl^l | wm jt^l a-j 1 2 H »J» 



(S-5) jSLill 



iU»j 12 Jl oi» ROM iU.t •_,* _^»f ^ 4 Lli* J t RAM il*jf of «i. 

. (UjLuM ^^i (j^s-) RAM J^-b ijj^aJl AJyjJl Uiif ^i^I i«if jL^V i*o*a>*ll 

f-J>j X±* .ili»Vl »-L- * Jl Ji-JL-! Lbl— L>U J _S'j ,jJl o^L^jjJI «_v»j_i-i 

: J,U ij^Jl JiU J* gjsj 0001000000000000 

. 12 iL^Jl ^JJ. (1) j ROM jL&tl ^ • 
. ROM J>-b (0) ^^Jl il^p- jUsil (^yi • 

:JiU ii^uJI Jili Jp £JKj 0010000000000010 «_*ij ^^ ijjJaJl i jJdj 

. 1 3 UvjJl ^Jjl ( 1) _. RAM jL^I ^ • 
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.RAM Jpt| a 2 OlyjJl jUil ^ • 

ROM J^>-Ij oIj^lp jLp>-^ <U»j 12 -j £j_xp J5>- J,.,.n.i.,.>) of jSj; dUJd 

.RAMjf 

. 4i*l£ SJb-lj iiS^JL* j^U; 

.0011 ^ijj 

(i jf ^ l*| iL^ijJi (-) dj& of ^) j^yt*. j±. j*p iyji jju Jp £-£j 

. J»-tj Ol" J RAM j ROM jLai IJU «.b L. 

il/7 .(5_S) J£UI J i. (^ iUj 16 a*-o JasLl JiU Jl OVI <~r>- 
JsMj> c£U-JI jLs>-l fSj* .I/O Ji. <|yjJl iiL» JJlij i^ Lii 15j 14 oliUjJl 
iiUaJl Uai-I i>*)! Jill IJL* £-J>y m . (SjUJl Ji~) 1 1 J[ ^ i^l <k-l^ JiU^Jl 
Jp Ja>- 1 6 J SJjiiJl ijJi jjj*j ,j^C Uj*& . I J>-lj ljl^>- Jb-lj Ja>- JS jLa- ii*>>. 

JU <lSj)\ li* J .(6.5) J&Jl J jL^I ^ Jl Jbll J^ Jp ^ 
Ji 5 **~i) J>rM J^* «l*^ o"5Uj £/& ^ iiJ^ Sp^**^ 1 5 j 1 4j 13 obL^jJi 
000 c/jL,*, iJiily J^xuJ L»j*p .S^-I 8 Jl^ jL^V J*^J Of j£sj cJ%s>j 8 
i/li 1 2 ^ijll <Uj J (Al) jtd£ . SjSliJl <i^ JbJbcJ 1 5j 1 4j 13 J>jkU J* 

.ROM SjSli 1 1 gjjll *Uy J (0) >JI jb£ ^ RAM 




orsLoj S jU».l J»jl>>. 



(6.5) JSLiJl 
,>»J.I ,^1 jUfc^l 
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J^t> -8 Jl 3 JL* ^ <S_5) jSLiJI j 4*1 8205SJL-jJl Jlill J~, J*i 1 6 Jl 




> glytl i»>rf. 8 



(8.5) J5Li)l 
[oUvl^l] 8 J| [oNU-ij] 3 JUL* ^ 8205 !-b-^Jl 



4>tM»iJ 64K Jl ^-»lj>ll a-^- j»lJLi^u-l •_/*U J * *J\S cj"$\£- cJUaI-I IjJ 0^ .oM^jJl 
Ja»c«j t2JJJLJ .i^tdl »JLa ii)S r_y^>y ^Jj p-fJl l>i* 0J» iiUi ,*-«j .JaISJLj iiyuJl 
•_•££ i (^^iviJl i-Jj— U-l iJU~ ^yii . **«J-I <k«>jdll jf ojj-SUl i_~»»l jJ-l J SaU jw-pJI 
}A* Ji; t/UUJoj JjJL.1 JJU«dl 5jU J,,.^^ ^t^^u iipUill cj^U>JII UK Jfi ^I^Vl 

J . -jjjbJl ^yvu ^- j .sA> L|if ^f ijjjJl i»«~j J OJ_j»uiJl ^^ifo iJjd l^j oljj^ll 
.U>-V Jj^islli ^J+l JJ^JI ,^-jJU- . Jj+I JaUdl -^ C&A JU (9_5) JS^tJl 

iipUll RAM j 8708 ROM ol/IJUl J**i«i (9_5) jSCJtJl J j/JUl Jsll J 
.128x4 RAM y» 8111 SJ^Ij 1Kx8 ROM ^ 8078 ROM SJL^U .8111 
ljU- ROM <_ikJ dJUJJ .128X8 RAM J-SCid cSjl^ 81 1 1 -^ 6L"J>-j J**c~J 
J^-f ja Aiji^\ JjU A9 Jl A0 ja -U-^ksLl J*«iwJ . i*«- RAM <_ik$ ^ ii^* JxJ 

,RAM_> ROM ij$\}> ^J\ja iij^. 

Hit . RAM ,y il>- 5 1 2j ROM S/IJU 4K x8 Jl i^l »JL* £~-jI v_*£ 
iu-j RAM !/lj J£ Jb-lj J»>- iJUw, 1K.X8 Uw ROM ijfo J£J Jb-lj J*i »_Jki 
^Ijjf o/IJJ iiujfj ROM S/IJL) iu,f : jL^I 1-jJa^ iiU <_Jk; dUiJ 128x8 RAM 

.RAM 

Jsjki ili^ij J^jj lL^>«j 8205 Jl>Jl J*jC~j iJUiJl .tjiwM oJLa j±y J>-f -^ 
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J£JL)I >;l 8205 JJ j, A12j Allj A10 Js^kM J^j dJUJU .iyuJl JiU ^ 
. iibil «■#>-[ jLtf-'if J+jc~S Of j^Cj S^ A15j A14, A13 Js.jkL-1 ^ .(9_5) 

.(9-5) J&lJl J il« ^Ul VjMI 

. 128 X8 **—> SjJIi j»jJLid 8 111 jj OllJb-j J*jC~j" .S/li J~*«.p J5" ^^.i*^ 
ojU -y. 8 111 J^,ji . oliUl JiU D7 Jl D4 i»jJa^ 8 1 1 U OyJl ^f J*^ 
JJUJ.I -^ Ja=Ll ^^ij 8111 OsjJb-^Jl jU>-l ^ . oUUl JiU D3 JJ DO J»>i}-L 

.8205 



00 ■ 
Dl ■ 
DJ - 
D3 - 
04 - 
05- 
06 ■ 



raws— 



B205. 
s 

7 
6 
5 

4 
3 
2 
I 



AO - 
A1 ■ 
AS ■ 
A3 ■ 
A4 - 
AS ■ 
A4 . 
A7 ■ 
AS - 
A9 - 
AIO. 
All ■ 
AI2 - 
A13 - 
AI4. 
AIS . 



4X8706 = 4K 



SgiL^l Sj5*lj 






PAN- 
HON 



-870B 
-B708 




CS 



M£MW- 



am 

RAM 



R/W 

cs cs 




(9-S) JCill 
JU £-. 8080 5Jb-j ^a SjS'lJJl ijjjj 

i_^j jf f^ii diJJLjji iJ^uJl JiU A6 JJ AO l>j>kl-l a-j 8 11 1 -^ OtU*-j Jvai" 

. SjOsJLI SjS'lJUl f-»lj>* J -i>-lj cJj J o^j 8 
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J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



Zj* ^s .1^; iyJl JJU A9 Jl AO i.jkJ-1 £* 8708 ROM S/IJUI J*«3 
8708 olJ*-j aUil jS^ .8205 JJU«JJ 5 Li-L U,U>-I ,jj£ .*Jljil j- IK 
iiU)ll S/IJJI oUUj Jjvay; l^s p. ^11 ia^Ul .8205 ^ iJUl Ja^aiLl J| 8 1 1 1j 
5jjL>^u ii^oJI i>^-j jjSi of »_ji ij t <jlSC«Vl jJL« Jp f-j-^jll ^>p i^-jl^- 0j5J V 

. 4jji£ i_JjJL UjJbj 
LjAT 4JLLsJlI iijixJl JUjOuiI Oltj*v . ill* i>ji*J <Lk^ iJ»iP <LS jj i_ i;£ 0^1 b-J 

Jplij jUto-l oj*» . Uii»tl4 0_)5o AJjSCll <Jp d)U-« Vl JJL4 01 oJ_,i« 4$Uj jLi>l oU« . SiyLo 
JLuOjiI (jivkJ CS oU~»f 4j!jAj ^jy '^1 • *y^l tM' 3 ti t_l' ^j- p Jc^ j*y ^ <ApUjw 
^yi i»jJa>- 4j}tf J-^»_jJ . Sj^jJI Jili a_» SjJiLi J-^>_jj_j <uk£ CS jj» oLiiljj ioUj jJ~ 

.dUi -jp Ji* 0v» (10-5) J5UI J .oU-Vl oJla Jl Sj-sL. i^jJl JiU 

iilijJI jj*S .J->-lJL* «£& ■>• iibfc oUilji aIISj J5 jj»3 (10_5) J5LiJl J 

jj jJl ^iJLs-Vl J . 1 11 -j 7 iSU^Ij 010 _; 2 isli^lj 001 _, 1 *i\ij\j 000 _. jus> 

WjU 4--.HI PINS oL-Vl Jp oV JUjcl-I -jSCr tiJailyJl ^-ii cjUISJI *yr 

























> J-~ J— 






















L o oli _Jl 

— . 

— o y-» 




— S 1 Sli/jl 

— 1 







• • • 


1 7 SUjll 
— 1 





















(10.5) J£jJl 
aapUo* £j\&\ij cjIjUs»-I JUjc-J 

viUij oNj* OjJO oUlij ii^J jLatl -jSUj 1 Ji. "tJts\y jJlj, SOp ojJ ISJ 
JJLsi J^Uj j^JI I!* .110 Uiljdlj 6 yli^JI -jSZfi t'ilt. .ii^jJl Js>jJas^ JjJUj Iwi 

Jp Oli^Vl ,y» \j~S Ij-Ip i-JLlali 4jf p-jJl ULa oLU-i . iik*i oL2iljJ JJ^i iajiiji 
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J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



jgjc o~*j JS\j\ iilSj oljl^M aJ%* jl^- JSJ .68 00 i.^kJ.1 J &.L5 ijj-A. J^o-I 

. 0^l£ OjJj ft-***-' iJtUuyA *j»j^aX* ftLi 

ij^i^raJI oLa^laUlJ l^~&- i. l y>j*0$-\ Jp tiipUi. olilij jL^>-l £-^ j~*i 
jL^-Ij oljSlJJI Jl>-lj3 (jS - oLkjxil i^aJy olilij ,y j^ J^-|>S . ,*»J-I ik-jdlj 

. iioUi* olilij 
* * * 

CONNECTING THE MEMORY SjSlUI J^jj 

Uj*p jy* aJL* . o^L*»j 8 Jl 4 -yi *Jj* S^IJLJl olilij ijf ,_^<ilil j L^i/al 
olilijJl ^ j*iS" lj~&\ oljSlJJl o^U- --J^ ^ fJ • ^>^JI oUjkil J iIU-1 

. Ol&t^l jOi SLli t)U»f U> iyS^i ("-^U-ali 4jjJiaII ZjSlJUl J-^ . Lw-L-f Ij^f jjijJl jJLVjj 

.oUUIj (ti^dlj iy^JI :,>l>f S^W ij\* iili^J <Jt~-Vl tJOaJ 
iJU- Jj . Sjyw iilij jL^-l Oli**f JLjo*»Ij aaISCII J _jj3_jxil J-^ iijidl *Jl»- Jj 

Olj-i Oli— Vl ptJj^ £kJjj ijjJl jb-J JJP JJUj Uajf l j£c t,ij~£l\ SjSlJUl Olilij 
RAS If Ooulxu STROBES Ocjwj J J-lS - 0I>^ JL-,1 lJ 5Cc t Sj~£)l olilijJl J 

.(jj**JI jljiP jl~>-l) CAS j (.jjlJ-; Oljip jl~>-l) 

iJLP JJap <j£c oUi a_*5 .^f lf*aji£ l j£? "blj iUi j»£>dl jL-f j>& SiUJl J 

S_^IJLJI jy dUJU . 5jji« (j- J| il)U~.Vl j-Ap JJLL" -^ . Sal* JlUtf ^j oliLJI OUv-t 
ib>jj JL>^j!)U oULJl -^ 5wb-lj iLs>j Jaii isiiiJil iilSJl oli lAje- ^Ij^V RAM 
u^>c*» OtJlv'j 8 ■yi i>jJil« («— «->«J ^jZi . OU*- j/I JJ^ rjwajj JJL2j IJlA . r-l^>-^U SJ>-lj 
JS Jvsjj" . d)lji*Jl ,j-ij IajL^-I ^jA Of l^-J*'' i>* • iSJ\jdL SjS'li JJlij oUi ^~*>y 

. oULJl JiU JfljJa^ ,y> -i^-lj Jl U^r'j'-L) l^U-j] oUL -j» 

Luj iiUp- *-*>*^* 8111 Ji* Cj'^ t aj 4 ,j-» o_yS"li C-JLojCLwdI lil t i^UL* SjjwSLJJ 

iL^j J^ J-^jis O^U»j 8 -y Sj^li 0JU00.I IJ| .(9-5) j£iJI J ^ t^JljvJL. O^tfj 

iH^ jj pUjjl <C* pJCj U i_iii-» ^Jp oll^Vl iJlP f-liljl jl «-s<»ljJI -^i . oUL ia>- fj,[ 

. 4jj«-v<? OjJa^t j olilijJl JJLP (UUJ -la2i 7«_pJi I JL* A»j»X*«j O-j^j ilvj JS' 

oliLo JLs^-iJ t yx (SJi»-lj iUtfj ^jjy) 4**-LiJl oljSlJUl «_-^- jiy lill JLJ Uj 
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y.i.i'. i.. '.rudi.^.Li.iu ai.u i. i..ij i i.i i .i .iii .■j.j i. Mi: 



jjp «j~^Jl t^^ljJ-l . i»U)l v-jj^U-l oliJaJ ils<a-^ ,^ . SjjjwJI oLLUAl oli-JiJ 
£l>-jj oUUl Jl^V iLvoii* Jil>o iil_* S^f ^j ^UU oUL JiUj SOJL. 

JUjC-L iy&>) l yu>J\ Iffsixj £_* SJpL-j OLi-- Jv»ji i|_^<aJI oULULI J . iJUoiL* 

.(JL-jI j-^k TRANSCEIVER JJs~-./J-j* 

3LUi jJUay ijb^Jlj 3*1^1 cjIjLSI t!/IA)l aiij J* tfy-Vl OLu-Vl ,>**fl3 

.ROMjf RAM ol/IJU o^U, 64K JJ o^Uj 4K ^ ^.LaJl 
Jily oliLJl JiU Jl oUjS3LI J**^ tJjSj ii*l5 CPU ^-^ ^LS - oNt luU oil 

.U lyk* JU5N a^ILLI £l>)llj JUoVi olijC c*5L-yl JJJtSt 

CONNECTING THE INPUT/ OUTPUT ^y lj JUtf I oWj3 

^ jJl iijj^l ,jJcj aj^aII ^Ij^V rLr^b JUoVl <Jdj> olilSj jU>-l j^i 
LU-b »MWl oljLiVl a Ju» JU .^b J~- jU>-^ uL^f iftti yjJ Of jbJll ^J 

.(11-5) JSwJl J iJL. oJlJJ 4^r £j%*oy iwf . jjJlj; JJt Jp c>A» y^l 

iljjJl JiU j* *Juj JL-jI ^. .DS2j DS1 OL-Vl *k-.ljj 8212 jL^-l ^^ 
. c.y.U ik-.!^ oUUl JiLi cjLji*t Hj^I 4 s - 1 *; o^S o^-' jb»*a Ol^-Vl oJk> Jl 

* 

^ (ii^Lall obiil tf> ^Jli) PIO >»,.,>va; iyw»3l oli-Uil O^L 4JU>- j 

. iulbs* oVUaJl v-JLj (c^j- UART J»jc~J . Oi*^^ o!>Lfwj j^ji) i^-Lall »>^rVl 
. oUUl Jib Jv»ji. U>^SCi . S^iL. Sjj^i ,sj- UART j PIO o« o^L^JI 

lj^i\ J^y *JUI i»l*Jl Jipl^i)! jJaJ tUj^P . J*jcJLI L $ J i^\ ^-11*11) *5U^JI JSU 
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J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



JjL*c-l lij JuUall i>>^ Jb -^^ ^^t-Jl <~>' >f «y RESET ^ J^y 



..yljsll «>I>V ^^f i^L^y *>JW Of iv»ULl MPUS olJL*-^ ^ 



>UkLali 




<11-5) JSjJI 
^.L-Vl glj^l Uj- 8 212 C-ill >ji 

Jp (13_5)j (12_5) jjd&iJl J QUARTS -y ujjJb-jJ o^L^jdl ?«-^>J 
.(INTEL'S UART) 8251 j (MOTOROLA'S UART) ACIAJ oVy Jlydl 
. .*&£ JiUj (J>w jL^lj Ailij jL^>-V) iiycJl JiUj oUUl Jib Li« J£) J^j 

. CS2 j CS1 j CSO <j uJ.1 olij jLs>-l OL-f *J}U MOTOROLA jlf>- f JU~~j 
.fcyiJl JiU A14j A13 jA3 J>>4-l <»JI vUUJJ J*-i-y J*^ jL^-l U*£ J-xi-j 
i^y^l i^JI j»i^Jl oljLiJ jL^jl . *JU-IjJI oM>JI jU^N AO Jb-lj J»>. J*«x~i 

.^1 JiU Jl (IKOj R/Wj E) 

JstJa^ «_» l^JU*' jjj (CS) ftSyi* yiij jLu^l INTEL iy%^-\ Ja*i~J villi ^j^Uj 
.U- 5k-^ PIO o^jIjmu* ir S^Jl J^ j WRj RDj C/DjCLKj RESET 

JiU J*>^ &£ MOTOROLA ^a-j . ^UUi jp J^ JS, (14_5) JSLiJl J 

.(RSI j RSO) J>~- jLa*-V uJwt foJlj t (CS2j CSlj CSO) tfU, jU>-V iJyJl 

.IRQBj iRQAj RESET j R/Wj E : f &d\ JiU Jl J*>^ w* J^ji 
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J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



JlSUJ Leo . Zl./ii:,i> ojjvaj i»_jiiuJLI i-^LuVl olij&i f->& 0*1 LJUaj lwl(- 



*>**z3\ 



^ 



-*■ RS- 

eso- 



rO* «' ■ 



A3 
A13 
VH/IA" 

AI4 »- 85- 

• 2 1»- E- 

R/W- 



IflQ -*- 



TT 



""MiJLdloUUI 
-rxdJ " 

}ol*LJI tj*Ij 



-as 
-635 
-Sis _ 



i us*-^ 1 y 1 /* Mr" 



(12.5) JSiJl 
Motorola ACIA J-*>jj 



iiuiUJI ia-^U fcJiUI O^Uu»->LJI 
STANDARD SYSTEM "INTERCONNECT 

a*~o ,jjJu*}\ bLL^ i*jJiJl iJUMaJl c/iL^jJl (15-5) J&JI J jJ_o 
J»U> iy^Jl JjUj oUUI JiU ^j i~*Lil\ ^tlAill Jil>Jl .0^1 «i»~~. .cJ%*j 8 

.^11 



(olSUJl Jjjl) 1.7. „■) T«RDY - 
0»Ur jji-l J;iill) R»RDY - 






RESET - 
CIK- 

5B- 

WS- 

"BSTf- 

0TH-" 



ST5-*- 



SJ5I 
USAI1T 



J-./- 



oUUIJiUJjlp 



f£*Jl 



JLSLil jL«*- 
- t.d (iJUll oULJI £> fc) 

-ra »ui 

-»xD (JJUdl oULJI Jj^U) 
-ISC (*_*LJI) 

"■ SYNDET Cj-lj — dl WJ) 



t 



(13..5) J£i)l 
Intel 8251 J-^jJ 
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y.i.i'. i.. '.rudi.^.Li.iu ai.u i. i..ij i i.i i .i .iii .■j.j i. Mi: 



<UmJ A^jjI 



ij»-L2Jl i«ywaJl oU-L«il ^-vJL ^ij* !(»■■■«'' k^ iJ>>Jl J»Li> oULJl JiU 

glj^Ylj Jl^^lj (ROM ^ U*) i/lJJl L* JSIjJl J} J^Vl ,>. jUjJ J-^. 

. iL>Jl ^ L'JU- J-^jj" UART j\ RAM Ji. ^Vl S^-Vl . (PIO ^ U) 

. Ja>- jL~>-l J.*.*."-,.,* «_«*■>*» i»j]idl oJU ijV . O^jL-^Jl Jj^alAi j jl ^yu^jL** 

A15 JaiLL. ROM SjSli jL^I ^ . PIO aSISjj ROM J*f J (CS) <ilij jl>-l ^ jju 
lKx8y> IJLa d)t ^j^ l^« . iJ^jJl JiLu A14 JajL-L PIO jU>-l »^j iiyuJl JiU 

.ROM 



^.liUI JiU 



$ 



CAI 
CAS 



rao-7 



RSI 

go PI* 

CS1 
E 

R/W 

RESET 

IKQA CBI 

IH&B CBI 



» 



T 



JiUll 5^-1 



<? 



mur 



£j^Jl JiU 



f&^IJSli 



(14-5) JSLUI 
6820 PIA J-^jJ 

o^L^jxll ROM ^ jLJl l^ J| jJJ ( 1 5 _ 5) j£iJl J 4^. a^UI o!)L^JI 
IK Zjs- (wikj . iJ^jJl JiU c/>LvpjxJI 0>*^' M^ <Jb ^S^°j 8 *>u~j oUUl JiU 
^JUi Jl aUl . iiyuJI JiU y> A9 Jl AO ijlai-1 Jl ot^LvcjJl ^ o%^j sy^ 
. pS^dl JiU J* (R) READ u\j&\ i»- dj^J dl j£* ^Jl ,yljj SjUJ ROM ^lks 

tflkll &%4>y . (o*l^ll J«3 o/li S JLA jV WRITE lr>- J,[ Cj%#y ROM vJUrf V) 

y> dj&i c/>Uj 4 Jui ROM J^p dtf lij . ROM JjL-T iu-. ROM J yij_rfS3l 



287 



J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



jLtf-^l A15 JJ-I ^ JLucu-L iUUjj ^ i|jl>^ oUjjC «%' -^ ,jcJI J^y »J^J| 



oUUI, 



o--M< 



r r 

I w 



,Jk~Ji. 



iJfydl 



^INT 



n 



Ut>j|£ll 31UI 



«OM 






J* 

oliUI 



--\ 






J" 



no 

DO 

A2 

Al 

-• AO 

wan 

READ 



INT 



t f f ifrj&i 3\U\ yj^, fflUlt t t 



-JUkll 



0*r' 



(15.5) JSLS1I 
iwiLill vUjkuJD iJui-lJjl o^Lv»jxJl 



(j-J « i_^jf PIO 01 ^jJc^ji . CS J_p-^U j>J if>-^« A 14 ila-'l^ PIO jL*>-l t£j£ 
y A2 j Al c A0 ik*-l jj o}^«~JI o jla jL>M (^jji . *JW.> o'jl^wo iJUS -^ ^S"L 
A*0y If^- LSyU? l^Lo Lii; . PIO ^ jl*~JI <pr JJ c/^L^jxll _^lajj t iiji«Jl JiLj 
^ J .jcili^l ^ £ ufs 6j£ ^ ROMj PIO ,y JS - £* A2j Alj AO 
J£J -^ Of A2j Al j AO ityill o"5UjJU •>& .^wilj vl^ 1 ^J 5 *- $ <~4 fcJ^Jl 
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J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



iSjb 0) kj\~* A15 bj& (rt>- ■*"» ROM jW^-I i£j£ villi £-*j .ROM., PIO -^ 

Jb-lj of J 0%^j" V A14 j A15 Of C~?~j . ( 1 ) ijL-. A14 0j& L^>- Jaii PIO jL^-l 

.(Jb-lj o\ J 6V^ b-J A15j A14 jf Jtftll 2-*jil v_^-lj <>•) .^U; ^ Jbi ^i 

^11 ^Ij^Y'j vJL^o^J ta 20 pAE, oUUl JiU iJLill J»jkU ^ PIO J^y 
JiU WRITE j, READ J=»>>- £_* PIO J-^f dUi JJ «U1) . ^*J| If^j. Jp ^^Ji? 

iaJaUll Ja>- £-. LoUpI PIO J^jjj" dlliS" .(l^tjU- il^jf S*ly ,jiK£ vi«>«j j»i^Jl 
RAM i_..l,laJ . 5i d£- Zjju0 oU-Ui JajC~J iv»L^ »£J- bj}a>- JJ 0L>-Vl ^^ixj Jj 

^ o^»>JI ^L Uf . READ J*L o^-jJl JJ oUJ WRITE J*i J| o^L^jJ 
(15_5) JSCtJl ^yu .0^1 i^ilj 1~XjH\ i^-lJvJl cj^Ls*»>JI 0j& Of i_j£ 

1^.^11 IJL* jJaX; . ^LiJI j^ytvoll p-JUll OjJiJ. iJL>-|jJl oLS'jJl &Lo 0j50 ■ ^5 " 

.ij-iLill hju£&\ oU-Ull «_*^ (J* LjSI 
jJl ^yi ijl«I if jrJu V iJL^i liilj *_*j cOUjkJ.1 (Jii i^Lwif aJULS oli^taM JUj-jj 

J aLxiJlI U>jl-I iJ^*Jl iLtfj tf SfJb o^UUt JUjCo.1 -_/£c .iiljtf . 0^1 jj- o^.ycu-1 
fS^Jl JiU "k, . <_ibt f££ JiU ^^ ^JU, JiOi f^f . JaJaidl ^uijll IJL* 
bj.i. Ua-*- 6800 J-**i~; ((jui WRITEj READJ b%..*i:^ Olk^ (8080) 
j* JS <J&& .(VMA) S^lill iJ^uJ i^^U ia^ lJU'lj READ /WRITE J 

• IcT* ^'j J 5 ^ -tjJai-l •*!» JUoJ <_ib^ \aja* . p£>C±i l jJa>. uyywaJl Oi^-Uil 

^-jJl IAa t li ,v5^Jl oljlil <i;>^ Jp iJjJLl ^UtiA^-'yi ^ ^L, ^i^^LL. 

tU^L^»jdl OUSI £i-v»jjj Aj^Lill LytsdJl OlJLUil -j^- (_^P L_^I (j^-i ^JsLJaixiil 

. JvaiJl lift J CwiyC^I ^11 iJbiljJl 

jf j^l ^^ tV-UJl ^.jkll Jp Jais jjax, JaJaidl ^Jl IJLa jf *_. 

^UiJ . Lj^l\ oUrUll olyk* ,y gjj ^f J* ji Of jS^ UbL, ^ U ^ v Luu-l 
.oci\iJ\ (.Ikj ol_,xL ^jjdl f UiJ tff 4 iJiJVl ■>. iSUll ^>Vl ^lyVl ^^.i^ 

A MULTIPLEXED BUS SYSTEM oljj&il g-jjaii JSLUI ^Uij 
J .8085 J 4t/ 2-2^ ^>^ ^JU. ^^ ol^i ^^j;, jju, ^ ^ jXmi 
.5j> «Uj Jp 8085 irJG .8085 J iJ^loJl o^L^Jl i^ JjlM (16_5) J5JJI 

.8228 iyliu iUi, 8224 ^Ulj t 8080 SO^I 
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J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



oljLiJ y> \j~$ 8085 jy .8080 oU-Lu" «-j** a_« 8085 SJb-jJl *>«— j 
.d^\ Jbu ^»*JI JiU ol_^i £jJb }U 8080 ^-iOuj . Jif UL-f /.JJ^uJ l^ »&>dl 
iaJi 8 085 Zyf- JiU .oULJl JiU J* AJyjJl JiU i-isaJ olj^L ?-jJb ^v»U-l cJjJl J 
»— ilJ iJUiJl o^jls^jJl *»-j ; ' ■ A15 Jl A8 j»J L^-^yJ J^wo^J ^Jl J»jia>. iJUi 
iuyjJl of (ijyjJl c~i» OiSlc) ALE ^l^- Ja>- Oirf . D7 J} DO j>J &j^JI ,>• J*-^" 
^yrjlsM M^jjjdl t»_ji . oULJl ^ Mju cAyki «_j jjJI oUL; JiLj J* JAj jJI ^ 
16 i*~j *ij**& oI>-UjC 7?-rJI c r>*' A**ixo . c> A * j**jj S^J d^ULJl JibJ olyjij 






RESO OK 
RDV 
MS IN l/CVM 



TRAP 

RST5 

rsm 

RSI7 



1DH 




iiiiiiiiniiiiiii 
imiiiiiiiiiiiiii. 



^ 






oUUl 



> > 






> MM 
• DOM. 

! ,/0 

» Pi 

W 

AU WSJ 

n> moM 

vw l/0 

ROT 



(16-5) JSLUI 
8085 J iJWjJl cj5L^»>JI 



JLilj RAM ) 8155 U>j 0i^»^ Ctfy** }& 8085 J iJLJLM l^\ ±>\jZ 
pjjaj JUxy !/li J*-\j d\ J fJ&" oUj&l oJLa jV . (Aii* ju'lj ROM ) 8 35 5^ (lkj> 
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J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



808 5 Jx£ IJu .Jaii olilij &y& HAS i.jJii* «^i -jSUJ oULJI JiU olyii 
oU^oJU 8080 Jjst J^V ^ dJLIi £_y .Sj^ oU^ J 8080 J Ult. %Jo 

Jjbu) PIO J^Jtf Jlij 3^ iilij Jp 256 x 8 i*~, RAM i/li 8 155 - jn-/i - T 

Ja>- J? Ajtj, ^s iL~- (B tijilj A tijll) o^y 8 ^ -jjti^y (Vrjl>- *Jlyi i'^tf 

JjU) i_*JUt*ll SjLp ^Jli^-j (^JUI (C Cijil) o}U>j 6 _j ti^j t <LiL-* Sjj-^it 

cJjll jrl>-b ^i 11 J^l ^IjLil) -J^b cJ> ,5^ ^ liill) «UiJ .(oUjLc 

.(16_5 jSCiJl JiL. 
S J>v aj 8755 oJb-^Jl j.JUb" . Ji^. J-Jlj 2K X 8 lu ROM S/li 8355 »02I 
. o^*»j 8 i*w ^)>-yij JU^>U ^>\ijA Lfi- J5 yjj . JUi- JLJlj EPROM ijbi. 

S-^f 8 08 5 SJb-jJl .io^JiLjU U>-IjJI o!>Lv»>Jl (j^.ij J£iD 0^1 £->->- 

_j RSTS j TRAP ) J£jJl <yi ^j-Jl <*JL| i> W ^ ^ ti*Ui« )*£>>■ i~»io 

OlL .jAs^ Vrjl>- »jAJ JL-. J-kAi-i . (INTR) Oi*Jl Jl J^ljj (RST7 j RST6 

pi^«Jl JiU V- 1 -^ 1 -KM-I J^iJl ,y> ouJI if*- Jp jXj . V^^l A3UaJi jJUai 

. oULJlj liyjJl Jil^i dllasj 

\&- . JilyJl Jl (JLIl. JLJlj RAM) 8155 «Ij^ o^jdl J^fclL u ^»^ Upj 
DO Oli-Vl £-. ^^ oUUl JiU SJUill J^i-I ^ t Ji^Vl Jl JpVI <y Aj*Z 
SJU^JI iiyjJl JiU ^ A12 jtAJ . UlijJl jL^-V J«xu- JaiLl jL&^l ofj D7 Jl 
oJU . p£>cl\ JiU ■j* ifci. iJUl oljUVl jJLj" JJIpUJI Jl iaJI ^ jl^^^Uj .8155 
(Write) j (Read) RD oljUtyl JU JJj (iijuJl ol. 0i&) ALE ijLlJ ^ oljLS^I 
iUfdl SjUI SjLtl l^-fj (ij5UU i/IJUl j^Jj JLfcll us. jL&^U J**U I/O/M j WR 
JiljJl o>J iij£U -yi OyJ' **r i>j (>-^^ iJU-lJJl o^U-Jl iu*J J*jo-J) RES 
.J>-ljJi cJjUJ ,^U-l j^ Ji-Vl Jj 5>>-bU Vrj^-l -1ALJLL J-^y jJI i^lsJl 

J tk>- O^j J* . AJy*JI JiU ^ ii^oy Ljif Jas-")U V t J£dl J |jLc>- _JaJ| JJ*j 
jl^i-l lOA j^ ^1 JJ J&\ XP 4i*j JjV A^-^lj jJLI ^ l^f ^j ^JaJaiJl ^1 

A7 Jl A0 o!5Upi U,t ^» ^Jl D7 Jl DO ^ il^^ ^ . JUyjJl JiU ^ Jj^^ 
Jp Wlfll o^U^Jl Jtc ^ JI4+I Ji^j ^s cISl 1 JbJl JI>JI Llii .ii>jJl JiU ^ 

. ALE <k-ljj dUi Jyj ^i ?lilj^ D7 Jl DO 
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. LUb c~Sj DI>p L^CSj iJUiJl cJ%*Ji\ £j,\z True iu>-y. ALE dj& l c ^>- 

JaSi ^ ol* c~.b L, . oUL Vt^, o%^ll oIa ^-tla iu^. ^ ALE OjSo ^j 

J>-b RAM J ^ ^f jU>-M iiU iJLiJl o^U^I ^..^ RAM J <J5" 25 6 

■Mi 
r"» J! c^y uh^i m ^ (iai) i/o bj* jj ^i ow* i/o fJ ai .i/o/m .jLsi 

.S/lill jjf J^JI J i^Uall oLU*]| Ouo Write j Read ^ .j 1 **^ S_>S"I_aJI 

oUU- 8355 ,^3 .U -w. ^Liii y/k (I/O ju'lj ROM ) 8355 Jj o^L^iJl 
A8 Jl J** r " ^ t ^UiJ [si .iyuU iUj 1 1 v-lkij t (I/0 *JI^ jlSIj) 2K i*^ 
.(oUU! JiU JJ -^ JiJl iJLiJl o^^l ilJUl g;^) .i^Jl JiCj A10 j A9 j 
All J-jc-d. .ii^JI JiU All J4L.I <kJ^ iJ^SCJJ koU^I jUpMj (CS) alju] &_# 

CLK j (^Ijj ijli[ cyUr) RDY jI/O/Mj WRjRD j ALE^t ^Vl ^i\ 

. RES j (JpL,) 
ti l£& "jW. ^ J J*^-" ,1 iyuJl JiU A15 j A14 j A13 J^ of Ji^ 

.iiUl oUlij §^j} J»«i»j 
Oir- 8755 SJ^l) s-Jjdlj (17_5) JSLLlI J 0^ 8155 SJb-^LJ J>.| jj| ^^xJl 

.(18_5) J£dl J 




(17.5) JSLill 
jLiu + 8155 RAM SJb-jII 
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(18.5) JSLUI 
Jib) + ROM :o>-j)l 

Connecting Minimal Systems 
oliUj iJ^i; o»Jai* At*°y Cj* ^****i' **■♦* <_** u£^*ji <£j**° ^j*^ 9 " Atr^j' **■♦* 
J Rockwell PPS4/2 i.jkl o^L^Jl j&S dUJU JUSJ .(8 08 5 ij^l J c-^p) 

. S^U C^Jky u^M JSIjJI .(19-5) JSUI 
«Uilj viiJij s^»-lj i»tf^ tjji^*)\ t-jj-U-l oljJiS ^-*-y; JiP jj>-f JjJb ^\yj, 

.8048 J^-jJl Jl JiL. «lij iJb'lj iiUl S/IJJ o}L*ydl (20_5) JSUJI 
. oLkj* (1) jI 1$** (JvJji-i . i-rfL-l i«jJiu J-^»jj «-<Jj5' I_jj LJL»j JLil 

Connecting Other Devices 

iJsUlljf j^ks-Vl) -Ujkll J i.Oi^J.1 ^l>-^lj JU-i^J JaJaidl iLJLi ^—^ 

PIC £j%+fiy ,*J\J>\ JaJa£ otitfj J*-^" l£jj_r^l ^ Oj-C df ,j£r <,(DMAjf 
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(21-5) J£UI J jjis jtf JUSj .DMAC &%*ji dUJiS-j ctJltll Jl^JI J *^, 
.8080 iykJJ AMD9517 DMACs apj^J. iU£Jl cJ%^^\ 



K^^ILm 



2K x 8ROM 
128 x 4RAM 




(19-5) J&ill 
Rockwell PPS4/ 2 *.jk« 

d^lj . ilaj-o i*^ (-^^Jl »— )Lm1I k»j^i. iik>J.I ^»L>Jl o^Ls^jJ Oj-nJ Of j£s 
JUS *-y . ej^ J^Li* *L»l5" i»jlil» /Sj*^ j^e ^ of <~~£ . *~-U*j *la~-; o!)Lv.jxil 

if 

ijikAl <«jJiJ.I iiS^A -yi i»*ljJl Ajlilijj ciyw £-Jl*i ui}ta>M ^-SljJl J ^>-jj V 
Sjl'S' Jp jJa-i* ASj-liil CjUAJI Uf . <_jieU<all L $ J k^ai\ £-)L«il olylad S_ ;; JivaJl 

. oUj)K.'..ll 

*Jji*Jl Jilij o>UUl JjLJ iyiaJJ oLySU J-^>J ijyLLil oU2x)l «_^- U^y 
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ALE 
KEN 

TO 

mi 

MM 

*™ MS 

raws 






AlE 

BJ KXBROM 








_ 


** OH 
0* 

A/00-7 «7JJ 

A8-AI0 


« 


k 






*J 

















(20.5) J£JI 
Jiiii + ROM *-*• : 8048 SJb-^l 



■5^0 



i»! j* • 



ii_i! 



AMI1M 



DMA^Ui 



1 



DMA "*■ DRO R0Y aK 

DMAji-; 



DAK 
0O07 



HIDAK 
HLDRQ 
_ IOR 
DONE 5 JOT 
AOSTB MEMB 

ADEN " /R5SW 
DAK 3 CS 

""5 .„., 



& 



' I IDMA _ ,. 

DMA,0-.' 4 






. RDY CUt 



Eg 
I0W 



DMA.-JLU 



HLDRQ 
HIDAK 
ADEN g 

AOSTB 

DONE j HBOt 

D007 MEMV 

i * 

□ 

A0-A7 
BESET 



DAK 
UK3 



i£ 



STSTB 

AMilll 

BUSEN 
HLDA 
WEMW 
MEMS 

i6W 
icw 



» 



SVNC 
RESET 
RDY 

♦ 



AMMMA 

DBIN 



D0417 
WR 



HLDA 
HCXO 



ttypjili 



■A B 
AM74UI1* 



t '' 



ABJMS JULLl 

_i_ 



T 



^z_l 



(21-5) JSLill 
DMAC J~*jl 
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(j^*^' 0*-> *£j**° P~^* ti* 1 *^*^' oUjpiuJlI eJLiJL*- \ij** IJL* »i_a -Ail .hjj jj> jji- 
^Li iSj*-*> gJl** i»^»i* ("-**? 1 tiiiLi aJjj^JI Sj*>- d)jJ ,yy (j^aikll ^Jj O'i/I 

V-UJl £.1^ JUi V l ^^ ''^Y 1 ,jl * J^-) • jiULl S -*^ J** 11 Ms!^ 1 - 1 
o U ;; U"H {j& ( jiiiu-»j ^jLJI J-saill JJ (•JUS-* ti>*<iL«l iojii^ U*j^ jlSj oVl 

. iyivJl LUli-Ull CjUjJaJ. iiUl 



?8080 l>jkj> J 8228 i._,Jidl JajLi iiJij ,y> U 

?8 080_j oULJI JiU Multiplexed olyJb £-j.b lili 

oLu~jJl JUJtf, 80 80 cuUL Jili j* ^J- oljlil «JU 8228 ^JL^J till 

. Linear Selection JaiLl jLs^-Vl 
. Decoded Addressing iiUvll &j^*S\ 

?l^l*w»j L^L-o- ,»* U ?iJail-l &yjJl A«jcumj cjUjJidl ^ c-_jj (_gl j 

i«jliuD t(6-5) JSCJtJl J (jull Jill ^Ujdwi t U>-b cj%*>y 1A£- ^jl 
.RAM -yi iUj 1 28j ROM S/li ,y> 16K li ^Jl 

•^ diiJSj oliULJ Jvaiu jUoj ,j-» ^L-ill t-^-U-l oljS'li ^iy lill 



1_5 
2_5 
3_5 

4_5 
5_5 
6_5 
7_5 
8_5 
9_5 

10_5 
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7 1 5 

12_5 
13 _5 



^Bidirectional Data Bus 

IHMj J~>-V Je^-IX. oJIp S^IJJI oUlijj JliLJ.1 (j^u dJJ lili 

iojJaJ. iJL>-b CJ%^y Oiri) ( 1 5 _ 5) J£iJl J J**^ JS" ja ,y>jio\ j-j-il 
. iljL&M {j* Uart j 4K x 8 it-o RAM _j ~*L*f* iakkil £_-_, . (LJLi 

(16.5) J5LUI J 8355j 8155 £_* J^ll JriM ,>. J5 - iLtj jy.il : 14_5 

.(8085 l»j}ad iJLilJJl o}L*».r/Jl uirf) 

?ol>i IfsUL JJU J* iyjJl 8085 SJ^I gjjb" lill : 15 _ 5 

Interface L_iJ^Jl ^ ^ i~-L» S/li olilijJ 8085 J*m»jj <-*£ dlS" lij : 16 _ 5 

^8355 CJ15" jJj j». 8355ROM £-. (ih£)l) WR SjUiJ J*»y ISli : 1 7 __ 5 

?S*.| J iU Jm» i/li 

.(16_5)j (15_5) JlSLiVl J *4^ oUjkuJU *J>^I *»*-» -l*!** 1 *— jl : 18 5 

JJU J J^jCmJ ^1 ajaiLI oljLi^J ^UijJIj ^Vl tJjJUr J* ^ : 19 _5 
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ds>4f gjuu 




^ j^^all pJUil i«j>J*i i»UJl iJKjlli t^^ \fS ivjUi *_•) 4 jJal JS" j »j>«Jll 

ROM J juHj=) jgjkl J£) SaJbJLI g-ljJI Oj> .JJIyJI Jl itUo iJLiNl olili^l 

.RAM j 

(J| iiU^l CjlJjiC* \~0yi \XJuu JS\ olJLJaj jlj*lvuli AvaiJl IJLa j \SJmi 
<U^4 Ujj^p ,-* t£yu& ^JmI ol a.. raii ,». _ >».. /i'i 01 Ojs** - • ****•!* (Sj**^ 7!-"** oUjlki* 

.L-UJI olyfll ^ JJi 

Application Areas i$^aiJI ^Llo 

oUL.kT jJ^Isj JJUt '*!>4-~! i£/w*" Fr"*^' ^J^** ^ , ^ ip ^**^ {& *^" 

.Lf «US l^itSj oUJrf toJ^ f>« "if .iDJU 
ii^iv» iJpl** oLKj* JjU; jdl i~»L.f iJLJxJ jt»L* £-yf j**^- J-^a" l-i* J 
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. \s\x~p cAajSoXa _ 2 

nUJa; _ 4 



dUiSj iiywJl oU-Uil ol^kl Jl*-)fl psfcdl <->f ifU JS^j ilfJl J <$>- 

Computer Systems u^wLJI dL^Ixu 

c-»L-»V t-ij-U-l ol^JaU J S/jf J»XU-j" CJt? ijJwaJl oU-Ull O^J» L.X* 
jL>;V Cjf^j ^w*Jl oU-Ullj i*plJJl Jili Jl lJ ^v ^^ olv«r~" J^'jf J • V^* 
iaJii* /^jt i_Jko V; .J| IJLA . 4j_^JI JJli Jl ,y iibfe oLp^ OVl p£ ^Jl *_iSLU^Jl 

oULUil jf iljJU" olSysJl oi>-f 1 197 6 t- J ^ k^J^- Olji- SO*J JLwi 
Clv^i Up cJytl~»l lilJi -Uj . i^u>-j <LvO>iJ< <_w-J_j>- *UJ J^xX^J d\ j5\jC <Uyu^aJl 

.(U.I&LI jJljjJl C^J-j jU-Vl C-aLL" 4 CiJl jj^C Cut) . JtiiLl JjJa Jp 

•>• "V JU 0JU1JI Jj J» (j* Ul jJ\ (^ywJl «JLc*D iCJliJl ola.Ja.-Jl yi jtS OJL^-j 

. ijlill oUjJUil J_p- *jIa)I Hj^J o_^iL* i>wj JbJl»-l rbj jl jijiaj ?«-w»l . *j*-*axil 

SjjU oLfl^Jlj i^jJl vJJ ijjjjjd\ cj[J>i\y}\ <,cjLu*~JI JjIjI j tcJl5 

ci>of IfUs- <^V tiJUiy ilSw. 4jf Jp IJLa Jas-^ J . i_jj*-U-l 4pU*» r-jU- ^rjJl 
olLJaxl i^dii ■>..•..» iiK Oli oLLLu -kii 1^1 t_jj~»U-l oL-^j^ l^lj tiijAvaJl oli-Uil 

Intel co!5U«j 8 i«-«j JjVl JjywJl oU-LJ.1 c~«-»^ £-il^Jl J . .U. r ~Jl *S[>^J! 
Texas j Data Point Om J&JI /Jj) CRT iiUJL. ,y^JJ ^lil ^>^ 18OO8 

. (Intel j Instruments 

*_Jkj-V ^1 i-j^-U- <^A J^ LL* (^dJ o'Vl i^waJl oU-Ull Jwa»J 

iajLi CjUU^j iajj-Jl *J^>-a11 lLiU-UII Jajj «_»j t OVl "jSiJ . i^^i-^Jl oU-UcJJ 



299 



J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



■jSCJil ^ t(FDC j CRTC ) iJdJl Z\jk*% CRT J*l^ Jt, ;U*»cll oLk^l 
JiJl SjJj <jV JJUi A^\ ( jSUil -yi .oUl^k-Vlj CRTs Jt> i^^ Sj^-L ^S^dl 

. iUSai l^i U ««,-. i^wiJl oU-Ull LjJ bj& V oVl^ Jl^-jj- JljJ N Ui> . DMACs 
oU r iJUrf ^Jl UvJI olil^k-VlS iu,Jl oUljk-VL p&dl Jill J^ J* 

.^jJIJjuioVj^'j 

iil5lll oli oU^kil *i\Z j .i_jj^iU-I oUjlad *_~Sjx]l ti*Ah OjJu ijJUJlS' 

olJb-_j ij^l Jyj (iiLJl iywaJl t_~JjjJ-l J} &il£ll oUjJadl) iviiidij ikwujdl 
oU*53.l J*f ,V 5JU>-lj C>»w»f JkJu . Jaii oljNjJ i**<aj ^jJt-o Ajji^aJl oU-Uil) iJ4*Jll 

i_J^L aSJLUJJ" _ «_j_j— -U-( ^^o-sfli irJiiJl iLJLiJt Juj 1 »_>.»JI IJLi .iilS" ia^kulT 
.^>J.| ik-jdlj i.>^Jl oUjiidl J U-L* - CPU ^f i.jjai J Ul&l jaUll 

«ujjXiJI ^f) ■•'1-jU -.11 oJLA (%■>«■./!" (J Lo/Lil Uap^- £-11*1.1 CJjJ iSjLiil gt-.,. /a . ' ^> 
llC ii~s- ljj>- OjjjjS^I oUjiiJ.1 J AiJUi* (lilfr ajjJWl; i*»_)Uil oA* Jl JJ V) . (oljiL 

ja^ll cJjJlj iS^L^il oLL* i»&fj oLu iJLidlii lUIJJ .(U-L-Vl iiKJI CPU 

y. Jis-}W »bt^,Vl) . d)Vl 0~ Li ^u M ijUjJl SJjlill c^-^f i«b S JlpLaSj 
s*US" JlfVlj IjlJwj JiVlj irtlS" JitVl JJ-I . (*a-Ij oliL sjlpUj 4S"jLiil l_jj._^; Ujup 

li JL* jf ij^L^I ^0* J' 5 '-^* £^^' v-^UaSi V ijf ijiiu . iJUc- JS3 2^U« ^^-rfiji y> O^ifl 
SJL>-lj iSlSj (_|p i£j*+P «-Jj~-l»u> I4UIS0 i»jiii<i >|Ji*lu>l Uijl 'jSCcj tOljS'lJJI ^ Ij^ 

. JaJii olj*bfj J **-**; <a!^i 

JJUj (K-jjjJI iJijf J . -_jj_jlil iJajf ,yj OVl UL>-J Jl2i <j_ywaJI CjU-UII ik-.ljj 
.iipL^w i»yw» oU-U* ^..^tv d)f iSLiJl 4Jj> Jil j£s ,%\S iJUjJL |%ioo ^JJl 

«^» J^U^j SaJUC* oU^-Liui l^J viiJ^ SJj-j iljJLJLiJ 4«_ipLall pJ^il "UjiJi-* _^i«J 

oU-UJLJ oLO oU^lidl i_Jpf ^j^ . p&>d\ ^y^ Jw>- cij J .y^Jl lf^~ 
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cjULLiw Ajji^aJl oUpUil oUjJi^o l-JLpI J.».h, : ..>7 ;LSI ijjjj fJJixj jl-*!***^ 

j^f ifjJl i*$* JJoC IJLa .oIj>-VI 5^11 olilijjf Uartjf PIO ^f .i^JixJLI 

i^jjjj S_>^-f ,^111 J ColS" JjJI AjjJLidl oliU^Jl *_j^ . h jJUJl CjL*^kJ.I ^y i^w> 

oU-Uil ^u-|_^ Sj^-Vl «Ia Jl oUJU; J—jJ .J-»lS0L| ^?jJJ iLli d)*yi c^x^of Ja2j 
.Slaves «_jIjj LjitS" J*U; jf i_*£} oCkj>Jil S_^»-f J oLLULl ai* *JL" . i JwJl 

. oUrUJU Networks olSLiJl «JLa Jil oVl Jk^ 

Multimicroprocessors iiplyall iyUoJl oU-Uli 
iSC-i (j iyLsdJl oli-Uil j^ iJuJ *JL>-IjJI o^L^jJI Jauj <u^j> Liaoj LLp ju 

\£ J£\ <l.£-ljj> <*jHc*9 }U» i<yJiJ.I £-w»J **jUI ijivaJl oU-Uil -jj jOpj Jb>-lj ,£~JJ 
^A t_ipUall (^^Ti^aJl pJUJU iJLSJ-l A^iaJLI .i_ie-Ux« tSj*-" TT^^- 4 i»Jal« Jt 
diiSi .Master ^j jl$>- JwJ .b ^yi jl\ cAMA\ ^ .sop *y>-j L^j u^L kjlii* 
. \4LSl iykll U*P •yljd isau^lll JJuiJl iJkifj SJLiJLI aJWjJI Cj^.jJI i_JUa; 

SU1 . v-^ J* -M> 01" J J*** ^Jl ol+Uil ,y .» op ^ •yljJl Jp jili JO** JjuiJ 

iwM **j\ -fa y *jV ojiai Jp iai^/i f ap ^ uip ^j^j. ^^ ^ dUi ji 

2u«fcLl s>LUlj ^iS^li cUiJ .cJj>Jl ii\S cJ- i*~>~* ojj^l, J^cu- i^kil Of Jp 
^Jl iy*Jl iil£j LfJjli* a^ il^jw jjp Uj^p ^ aJLiidl oLf 1^1 »JLa Ji. ^^ J 

t^-jSjJl ^j^ J 4-^^14 obLLiw JUo-U lij ^ is^y^aH i-^JI iAJ^ l ( -T ,-V ' T 

ojkll U*p iu^il jlSUVl jOi, i_,*u L^JL*p ,y|_j; aI^J dUiSj ifU-l jpjj ^ 
.i^iiJil UiS^lj iJUll ^UspMIj ^.LJI dUi -^p gz, .iJKJl 

• iiy^ oUUl iUU 4ilij /j^^dl cjIpUbII c5>vaJl gJUil iJi;f JUx^L ^kJl iajfa- 
o^>-f ^s-J U»Lm oU-U. JLuCv-l \jJS aJ ^y>J.\j Uli J^J.1 ^ AJ t li tty^p 
J_«cuJ Uxp il^Jl CjLUjJJ Ua^^- iJL^jJl ^Jl^ s^>.f cdijf .^.j ifi^ 
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f-j-^jil IJLa) . iLUil i£j*A. jXfr (-jl J ipj-Jl tjw^uJ «jjj^<» -krjj Lv* - JLxl-^AJ 

. (Ob-^ 4i>«J M i-Jj-y ols£ll IJL* JUaJ (^JIjCj 

r-LuVl t_jJpLa> *UaJ (_£l ,j*-*ai _jf» .jjSJll ^IjJP^U (jU«»j JL*-I_j et£u*i| JL>-jj 

. <«JUJI J JL>-ljlj M £-Jj JUai Jp «-jj _^=JI IJL* Ji* O^i i_ipL<ail 
ii_ , 5L-jJI oliJaJl Ji» is<»U- oVU- j iipLail iji^JI oU-Ull idaif Jaji^J 

ijjivJl oU-UJLl JU>OjaJI oMUauVl iJl i/»jyw J-daAll I JLfe iLi J . L^lkll 

.iipLsdl 

PERSONAL COMPUTERS fulfill ulu-uI -jaJI 

.<_jj-iU-Ij SiLcil oULJsdl J Ija JjV cJL*jOU«I i/w»JI oLL-UAl 01 jS"JJ 
PLOTTERS oL-ljJlj Jsu^JI ol^yj oL~0 ^ j-ljjf ^yJ cJUjC-I 
J ijlkt cJlS" ^l oLf UJI_> i-sSJdl i~M J v*'j^' J?jA ^ ^ • C^ 1 ^' °^>^ 

U>- (J 4_jyLsdJi 0LJ7U.aU i^*-Jj 5 JLiJL>- oLiJaj OjJ^jI oijJI tiJLli Jula 
*~" j^'jf J '■/" ^jV ^■-^■•^■■"Jl V** - !^' oJU-if ,i T< a>^i\ 1 _^ r »lji-l (_^f :<_jj~»U-I 

, 'LUIS' v_jj**U- oU Jal* *Pj-~j c*»*w»l JtSi dJLIi »jj , SjJw» oljpl ifjA>u^ 1970 
o*>U»_) 8 a*-«j Z80 ^ rjlj^ «■ Jj^I i>* Ul_*jl dVl *ji^-^JI oU. _ - w i. - JI ^UjcuJ 
i^-U-I |< -..sflj .iLtfj 32 iu«j 80386 ^>- 80286j iJLoj 16 i«~j 8088 JJ 6S02j 
Jl 256K ,y RAM ol/IJb S^f iJLpVl.JLpbUi.UJl o^U-i-^U U-iy tu? a^Jl 
r-jjjx L^ Jj iiLt ij>jf "U; 1 ^ JUltAI ijljilj SJbsil *Jljll ,>• J5^j 640K 

fyJl ^Jaj.,.0 ^JJl J-wJl fliiJ . (_UjJI iJajf /«-« LsUuJai ^Lsdi^iJI (wvv-iljJ-l *">o^Xj 

1 1 9 60 i- JJjf J lUJLijf ^Jl ^yJl 1 MICROSOFT Jj j* f ..ytll MS-DOS y. 
oU^ki Uv. Sjbfc !^J ^fj UNIX J«i-J . BILL GATES J,ULl i— > cJtf 

^jp i_^W oU-U« iwaiJtJlj JUpVI i^-^Ijs- i_JpV . i^XA oUJaJ J^-l ^ J-^JO 
. i .a.,ly 7-l_»Jfjf Jj«X«jl i«--y» iiU<»l o^IJj J-^j 01 <uSCr ^-Jj 7-^1 ^—« JjA« T-p 
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. iurfLi 4j_jjJ r'i\i AiUiL _jl iiki oUf \ji A 3>£*Ai Jaii iilx£ 

INDUSTRIAL SYSTEMS <utliusJI oU-^l 

ijiLidl jl ^ ,-/tl| (_^uii4^-l UuhP i.<L£-LsiaJl Ajyu^aJl oLL-lnll ol, i >. wi JjLluJ 

jjJtJl jl* . j-iJI iva^j i>^ oU-Ujc HARD-WIRED LSX- iU>l SjSlott SJUUll 
-iU*i!l J*£ jJl (_i'UijJl ^ jop j*»jj"y a^UaJI (11* J ^^waJl ^JUJLI ^g-jf^Jl 
oJls - olijVl JUL- J . U1S3I faLj j>> ,>• «»*-**» -#» s y >* f J *•* Jf-f e^ 1 * 

tCjbjjJI iU JJ iJjJ^I UUj* -^ oLjfljj i>*aJl oULL«il c~.Ji viUiS 1 
»jj-L> IJLaj .\jiS JjJ?f ij^j 3jX» Jp V - !-*" oU«idl JUjCxI l j£Ull -j* Oj£j JUJjj 

4v?l>- oVL4- OjLuIjJ ijy i_jj^> . 'LilS' CjU^J OJf«il (jij*- JJl <ulS' r-jj^ji JvjJI 

.J_^i)l IJL* J Lto-N 
i_JlpJ ■ _ ■ I !•«"* t Jjr , 'jCjv^Lul (JiV^ OyJ-? <UpL*aul AjjivaJI CjLL-LkII oli.jw" U»-3 

JajUil *jl£ll ^ *?iUl gJUil i^Jai. .(JJLc ^Ij^Ij JUo^ ol+U, JL*L*J| ol.a,,,kJI 
•iJLj^u-l i^L^-j ,_^ (Jx>»Jl isJU-) .j^SUdl oliU- -^ jjifr «_* ^iUpVl JSLdl 

jv*f . Js^ijIi cy ^J f -M* 1 ^j* c 1 ^ 1 r 1 ^ ^ te^ 1 ) ^ LjLl olJL> -> 11 

j)\ (Jxs^ll ^asJ jUl JJl*JI j*j» CONTROL LOOP <kp£*c}\ Ul»-i £*k«Vl 

. (i _ 6) jCtJi J £-*»><• \£ iaU-i ^ 

oL-^il -jaJ iDI . *S^i cjUIj iilSl. ldL-^jc Lt>L^ai\ oliJaJl i_JLpf jjAii i UU 
fib itiS" ^ jpi Jpf L-iy ,j» ^r|>-y ijlUl ^iUiJl S_^>-f -j^Jj JUj^J hjM\ 

■yi i^Ul SjJtl . iJU-j SJUbw -u-Sy 4-j LfJ ^-JLkj ul^ ^Jl oVU-l J oUf I Jl JUjcu-I 

JLiJai« (J UjL< ^Jl>hw 1 (_jJDl jjJbJil jr^p ■.Ljtu.'U t_a}Us>Jl *l "o^u-L if^JI ?*_*— I 
UlJlfU-i t jSlr jjj)- jl ijLJ-l j^2JI Jw^ 0^* *!>*"~! '-''js^' l$^ ■ ^^" iU*^ 1 
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e 





ilJ_JI 






■»<* 






■5LS 






jj»Jil J-ij-j| 




























(1.6) JSLtll 

ij\j)-\ oU-^jb ,»^Ji ials- 







^Vl PARAMETERS v-U)l oL*£lj WJlj :jl_^JU oUc ^^waJl jjJUil 
. jUJlj JJI>Jl tfjfi- ^Lij J5lj-Jl v' l s*- j, ^/-Ml^JJ-^ 1 f-M" ( PH ) J 10 ^r 1 **^ 
oL*£ll i ^-"j J^Lill ^il>jf i»Jii.l fjij tCjl—>«il ,jj« 5JUi—il oUyUil Jl**x*»lj 
^LJIj Jm^JIj SjljJ-L i^t. il»Jk\\ (^>c; .o^plidJ &*f •*>■ f J&" jJI V-L;* 11 

j| JXU-I ,y> i^Ul ojil f^aj A^JUiL; j^iCsdJ t^ywaJl £-^l J-*-* 1 -; U^ 

Sylli Sj^f *Pj*jft «U»1 *i>L~Jl -^ 7^wu_ i^At. .ILL. jjS j. ,>ll t-illt^U ^JLnil 

»i J js>- ; ^. jS^s JUJoj -Ujkii J! &UJI w^k-Vi jl ^Jsliili J^iJi J>-^ Ji* 
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. U-Uil *bf 0>-^ Vtj^ 1 ^k^' •■** J 1 ^"^ 1 W <c£c . Jr*^ 1 J Wl er^ 
«Jks i-»- DYNAMIC OPTIMIZATION «Ji.Vl JJ-I <JU*) U*Jl -a* ^a; 
i>jMI U»* 0>~^ *>*& ^ ■*« t^ 1 r 5 ^ ^ Ul V- 1 ** 11 ^W*^l (•*» Jl **jktt 

. SJl>JL>- JJIJb iJjl>«X J^ iJLojJl juJ JjU ^jJlj 

ttJI pJZj Uyul\ jL^-lj (JJa*Jl ^ jl-kyi v2JUi j U) o^jl! "lA 1 V^' ^^' 

STATUS FEEDBACK LaJ,^ SJtfjll i, JUdl 
ju^u oUU* J*-f ,y v-^U sa^ i.a^ c^-^ f^ f 1 ^ J* i«£ «jf v£ 
jL^r- 15V UwJl £-~>~a; o» Jj2^Ll JJL.^JI JjJlic jt ,£JwaJl gJUll J* •—£ • W* 

jUt J! >*f tl M ■^ ^ • ( 2 - 6 ) J 5 ^ 1 j c-v fi^ 1 '^ • *i r*^ ^ c 1 ^ 

a* A Jj-j1I of ^ J2xi of tS>-Jl g-ll*li J* vW '« A lW 1 o- 1 * 1 " J^ d 1 -^' 
astjS . L»^>j oUjiv. p.JL2j >-~£j JSClJl la,- jv&i jl^ JS ii'y V^ ■ ^** l^ 1 

SJj^l iJUdl Hl>o IJL* iJyu . Li» J2>ci Jill i^jisflJl £-)l*ll Jl 1*.>TJ ^v^TjJI 

jf>l jUli <yVl j* Lis if -^ ^Jl ^la^Vl ^-JLu {-At luo tdliaJ Ji** 

OtySj U\jA) yM\ IJLa eUapJ jj SJIj Jil -j^ Oy^" jjLp -^ US/"-" 1 " p - "^' f-^ ' "^ 

jJU-l a* A J^_A 1 of <£y^\ gJUll ^^^i (l-J^-lj) Vw^ 1 aJU-j cJtf 131 . A Jp-^1 

oJL* ♦5\j Ijij?- . *bf t-y* Jw villi (la?-lj) (5jL~j *if OwijJl C-JlS 1 lij . is^J^^o ~*jy&>, 

»yci c villi Jbu jA/ll JJUJI li t L» .iJUjf iJL* »^ ^Vl ti^waJl gJUil JL*. .*JLJ-I ,y> 

*i«i J*^ isJ»-ijAJl ilU-l J .JLii ai yiVl df (^ji^aJl ^JUil jL^-L iL«^_Jl vTjUj1«u< 

!jj*,aj «-LJ'vA)I «a* cJa?- lij .LiLipl JuiJl j*z~jj NOISE «,*LJ>yJ>t) j^juj «-I^Vl 
a*j s^LL jJUw of J>-^1>! ,y>ij lij ■ *^l»j ^Us M^ 'a'-^l o^y^' pr'^' J^* «jJ>£j> 

. jsiaJl -^ iap Jl <-jzJS\ j$Uj 0V5U sap 

. SOFT-FAIL TECHNIQUES « JJ^udl j* jl JG)fl oUa:» JJljJI dJl* ^pJU 
^as-l Jkj^j Lu>- J«L£!l vJijJI ^ Maj Jltu ji?L; JJoaxII jy jlai^fl v^jLlSj" ^ . JaX 

t-Ij^^U |T-S^>«Jl »_^-f JUa*f ti-JUoj UIp v_.. n . s a. l l j^i tJiJ-l «j-»J . iojixJ,! oli_j5v« 

of ^_^JI ^JUil Jp ^ SJldl v-^ 1 i>- ■ U^jli" J+Ji y a-Jj o*^ 1 "^ ^ 
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JL^[j i«*b oLv>- ol-b-j JLiu o\ <~*£ "4* jjJLSJT fj-^l <Jp . JjJj -5l£ JL^j»- Ja-iJJ 













rfjll Uijll ijfcjl 


A 


i 

1 


^ 




r&te- 







<2_6> JSLftll 



tjl>- J^ J* i^iJl oJLa .(oLjJiI) JI>-jVI «^>-f Jp i^Li^ aJI^ jUjJ i_^ 

REASONABLENESS TESTING SJy*. jU>-! 
vULL" cJlf lij U iJi^ Of 4-!p v^ J^V' Cj '~ ; ^ Its' ti^waJl ^-JUJLI fyb IpU?- 

.*££ hijSec^ ^^ JliLl J-^-. J*i .(3_6) J5LUI _^aJl cJj <^f j JUo}U ij^LS iv*£ 

La «:..," ^^j . ^uoJU- tiiLLSlS - JUjcu-I J!)k>- ^y ioUJI oIjLJIj «J»Uj iSku j jjJLL 

J J^* 200 ic^ j~«j . iijp a&j** t_jLJ- uyyl^* jyi-ilS - JJ -^ i* Jill cjU^LJ,! 

*>■_)> <ZA)6*~A /jP i«L?-jl>- «jlj>- *>ji ^Lj 4>-l*» JajL<? (J tl-t. t >f > JI jjX£ ti^-ULa 

jj-l] :UL- L$JIp J«>Ldl ojl^J-l oU>-_p *-* iJtJaJ-l oL-Lill iljlic JjjJU* _^p ojI_>p- 

. [SjljJ-l obr-j J ^ortll jJ-Ij JjVI 

aJ-lj Jir-SJl •_,* Jif J^ ^_» OjU; (J tSljf i«Ji]l fy; : J^lj*t'pl~pVMj»-yi 
jji>)) Jl^oJ i*Jb iP^-f ^^ J"" 1 ^ ^" •(^y*^ 1 J** -k*^') Jj^ 1 t>* cs^ 1 
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.iiijlj JU-^1 »;Ji] filtering 7^-Ay iaJIjJI 



1 1 






,>j 



SS///S/S sssss 




*ij&» oLXi 



7777T777777777\ 



v"-) 



■ oJjH 



(3-6) J&SlI 
L yawkJtJ JJLli «_;i . Jl>oNl o_j^-V slit »j-» ,_j«j viXJ Ji j^^Sc* Ji>- ,L*4 le*s > " 

«-^ Ul _jL^JL_t -k* j SiUJ /j£$ *J' J«»-^ t)l *_i*il ^ . (AlUiLS Jaii J^: Jj t i«j]ajll /^ 

L^ik* ijiii *}jA*j> oljjij* Jl>obll jl^*- Ja*i jjU*- . JUoNl jLf»- iJljX pJUil ja1~j 



CONFIDENCE WEIGHING UJl 



* _-_T_ft) 



itaULl .Jj^-Vl Jls^fl i*J Jjow i^L^-j jv^Jt-JLj L,^. J£J JUoNl ,»J t-ji^aj Sjjul. 



M - 



Mt Wt + M 2 W 2 + ... + Mj W; 
Wi + W 2 + . . . + Wj 
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. JiUU p-siJl ,/ Wl j JbLl ^-LS ^ Ml. . 

iilL 60j Jl>-ljJ AiiL 40 _i * ss iJl jJ14 .SjljJ-1 irjJd Owj£ -^-LP (j^€ i^** 
^Lill i*J l-AJlj 0.4_i Ljj-^w JjVl ^LsJI i*3»y> AaiUI ojljJ-l ^rji ^U . jliU 
dUJLj sy^UjJI JJ •y jis«» <u~2j TfcvaJ JjVl l j~>«i.i JJ*~ 'H* . . 6 _j \jjjJia jliJl 
JjVl ^p^il ((-Lain . (jWl ^j-^jJLl •j-« 5jJiL« JUoVI «jl^>- *>-js (J^j ■ LJl * ;; *s* J-*r 
iJU o^. nJL»yuJi iljiw £i JjVl .j-JL^il ( _ J k*.f li| .jivJl Jl <u~2j" JJU& LUp 

eliVl <^ < r .>j I jla <*jj ■«£ of ,jS^ . AjHJLLl oLL£l£JI -_^ J^-\ji h>LJ\ j J^ ji^ ■yi 

iJVl oJL* oj~» j'yi [£j~» .^jilJ-l (_jLilSo"l J*f j ijJ>Lt U 2jL- <_iiSjJ Lcjjf i_$2jibU 
oUU-l C-ob U aJjA*. jS- Li ^lauu JtU-l of gJUil JJL4 . J^aiJlj <_Ls>.>JJ yUkJI 
, Si'i JUj jj^u**^ jJU«iJ U[ ilkxil 4aU-I J-^MJ . ipLJl J J;-. 25 iftj-p Jvj cSj^-Vl 

aiLilSOl)) iiii-l v'j^ j*~~i iS^ c£ywaJI n-^^ -k*-^~* <2J^ ij£* ( _r^ jjy Jl*j 
^yAj apLJI jj J-j* 25 t/j^f »y ,y> iiU-L i>Jkl i*j-Jl Of 4(1^jIj J^jcujIjJj jj?-) 

JL*~* sjJUili iS-ijJUw JJliJ ijlil iJjJbw ojj^oj (JiiL-J iiiJ-l CJIS" lij . «ilji**» 4Pj— 

iiLLI (-ISIS Jpf J i-ii^j U 5jL>- oV ixiljJl el* tijJUi of ^s . "^^kl\ *-« "dLvail 

jUf (i.jkLl ^ Ul UU-I J~^' jbs- *JU-I oi» J .JiUU t^l iM\ ij.\ Jj 

.loj* LSjiv- iykuJJ w-^-j of ,j£cjf ujiJilSJI ««_*sdui)i jftLS'Jn JiVl oUjJidl 

jLi^l t!>Ai. i/»JUj .*iji>^ai\ oU-Uil oUj^Ji^ «_« o'Vl J*xuJ of (j-KC oUidl «JA 
IjiV lJi>- iU» tUj*p axils' .oyjdl jiUalL i^JiiJU ii*^ J-s^if-i ^e_*— jj jjLJI *bVl 

PROGRAMMED FILTERING g^jil g^ftjdl 

Jfi. Jj^>Jij iislj cj\j~S-b ^X>- J=rf ^ JUjVI oULi ^c-Jij; of v^ 'tyj^ 1 
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J^JLJ JLJUl J lJ^I" 3jl~ oL* Jb4 £_£ (DMM) ^^1 i_i*Lall ^Ull J 
lil . ijkv-^JI -JiJl Jb4 ^ iJUi jtrtllj £-~S>Jli k&c vif Ja~J . <u-L» s\J.\ ^SL^Jl 
Lf^Lw «_• jj^Li 50,000J| *-+*& lykrf^ -^^ *s^ ( J {r^y 50,000 0>-f 

.£-J>i j^Ui jijt&\ j^»Jl1 iJa-jJi i»-aJi ^ i^Ui i^i .50,000 J* ^j 

. ajUU jJb £-j"UI jjSL^SCJl Ofi-I ^LJ Ojio iill Jb 

<ol»ipVlj Ojjill *l5i ,ji~«>td o jI iLoLJi ojj^dj oUf 1^1 AjiSJ J»»jcu«J <v»!5Vi-|j 
»i_;»5jj|j iJjAnil jLs-lj Ji»«Jl ^ jl-i'Vlj <L«w»ijJl aJIj^ oLiSxll oJLa j^Jcj . UiJlj 
J* cLUJLij ij^JI 5>$=!-Vl i-iJJ- oLtljJl iJA JUjcu-I {J>s liJUi Jl AiLsi| . p-j>jl\ 

* * 

. L*«*i Ijl^Lj Jit -U15" 
CONSUMER DEVICES lsS&£u#S *LSbj4S]| • '-' I Sjfa.1 

oU-ULl oQSL* ^-LaiN .'juali^jf *5U^ t5>-,Jl gJl^JU ^yUaJl JiJ-ly> 

JaiLsii i_JUaj" gJl dUJ Jliif AiuwJI (V £>dl vJj'U^J olS" SJb-lj i5tf^ ^y^ *Jl*» ^Xj 

.«**J>\j iJLiil U_)U .i2JjJl CjU-jII djiij\ J~~P iS'L 

isSXJl o^Lm?_^JI *3kj>j *£^\£±\ i-Sli^JI oL5/J! ^>s<aJI «JU1I J_^ 
i5U J*i* «wi>jj U^p t ^ SJyU.1 jL^I j.|jiic-.l dJUiS" *&£ .<^U>1 i_iJlU«j ^jL4jj 

!^-Vl oI» Jli«V LiUil i*LJis iyLvaJl oU-Uil (Oi- . i^Lrf-i^f Ju^" ^j j>- jf 
OjJil OjijiWI Sj^f J {A>Ci <,j^al\ oU-Uil cJUjCU-I i^L, ,iS&fijy\ lA>j^i\ 
U>j l_^- iJ^J Q^jy ft ^l) jlf^U Jl" Jsj-Vl Ji> d^U^Dj i>4JIjj jjiyJ ^jJail 
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• iSy* 1 * *f-j?* <~<&\)i>j «iUJSj «»_p-)i i^ij i*L» jjji iS_At .jf* 

OJiJil ~Ui (J^mJI IJuh (J JbJUiJI Ajf-i\ i*^~~jj l<UIp ojwJj . "L*iL« ijplij li*^*! Jjj-Jl 
l-U>- iiJjT ijj^ olSj-i UjaP j^ft SJb-lj iSl)^ ijJwill i» rr J_pJj ^^^ill iJLP . i-JLJ.1 

«bVl *_j-J ■__£»-« iJJUJJ h^zSj . k£A\ j\**Ji\ JiL olj^U J^ J^*aJ-l A_Jai-j ^jJl 

'ft * " 

i~»LJt]| oL«53l ^ j^iSUl of Lc . ijiu** i^\'i j±y ^ t iSy^i^^ iJl^SJl !j)f>-Vl 
ioLe^l JaSUI J tjlJaJl r-lull /.—ibj)) .J*j«iJiI JJ u> U-yJi^S isoULl oLJLwJlj 
^-^Jb'V aaS'LLI cJlS lij Ijlju- j>£jV o^U .ulS^^II jOi Ttj^ J£ij L^>LiJ 

. SjixJil ol^lJJl £ljjf ^ya*; ^jjJ L_*?i viJUJJ . ij[>j^i\ iiWai\ J-^i Jl^ C^xioji 

(JL*jCuuI /^Sx . <UUjll oJlA 5JIp «_J_jJLs»- jiyii . 8jJ<-^» BjS^I JUI l j>3 1 L» t <U«aj j^ Jtvail 
•j* SjjjS' i^ <_JLku ^ i^Ui o/li j?- jf ijjlkJL; i.jPJil CMOS .jSli jf EAROM 
tjji; of -jS^x ^Jl i>SLil5w> ?t_jLi« ^jP jJI^j i*^« i^iLi oL*5" JbJL^ Uajf j£s . oji-l 

iJU- J ^ CMOS <LLLiij JUa1w-L> ijy*P «jj-^i ^J^ <ji*Jl iiSwII oJL* .cJj (^f 4} 

. *— >ji-f cjL»«L>-j <L«i^Jl oU-LJl 

oLS"U ^wcJ iijJw ol^Ur Sj^jJil 4-5*5^1-^1 iJ\jj^i\ >«JLJI Jp iUi«Vl 
-o'Lijf ^jU ^>v» jrJU? 5j4jf SINGER ATHENA 2000) &U-I ol^Uj J~JJI 
ujUJVIj S^iJI obS'Ly Oj>Ul bjij&ilj i2JJiJI oU-jlLi J**; jJl o\j»% (AMI 
iLl*. oL-lS - 4 ^i.) -j-Jl aJUJI Jgj^ll oLS'ai ,y j^ fyji Wilis' .iJjj^J^I 
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olitf* f U»Nl ^ ij^l l?\**j ^^^ v\rt#l ^^ Jlo y 

Jif viAJJU ^j) oly&l ^jlp JLB of ,>S^ slkJLI oliJdl ^ U-ft Jtff ^ _ 2 

. iJLJs- ojj-^J oJUio jt-,-A" il)f JJ> »t_LsoJlj vjLiiOL) Jji>l L*j <w>li*". 7 of J-SsX _ 2 

oU-*-^Jl tiiJb^iwJ (»j . SJu jl>- Jl^f (jJ»L^ j^AJ iI«j*p tiw»LiJI ijJwiJl cA^-UU 

i_>L«JVl (3v-_j-* iil_^Vl eJ-A Jb-f .oJ—j*- ijj**u Jjlj—'Vl Li>iJ |(-~>- 'US'tA^lui'Vl 

J .i-*Li LSlaif oLiJ cJlSj 0_jjJjihJl 5_^>-f J vl~S"j iJjj^SLWl i_jl*JVl Jjf 

oLiJ liUiij i iiLiJI J* SjJLoi >_jIo1 jjjJ J*-f j^ t5_^waJI p-JL*il i»j>l*x« JLjou*^ 
cJl»>- i£j~\ o a* . i_JjJVl oIjJLjo f-L; Jjjj^yifl ^UJVl c*sw>f i oUi . SJbJb- <ilj~*f 
^SL. ^.jSjsl GENERAL INSTRUMENTS Ji* i^ai^ ol^jJj 0.>«>^; Ov^ail 
\<e^ g-.-Nl olSU^I oIa c~Uo( . ( «i_jUJVI cjUISjii) Oji* *i\Zj> SJjjsSj'I i-AjJV 
■ n_.l i.-- J .iLLJI oU-Ull Jp sUi.1 oL-S'jJl (3j-J! y> oJbufi dlJi Jbo S'uJbLl 

jjjiajj -Li^dL; Lsiuf /j^lj j*»JIj JaS» ^^J ijUail <;*! J oVl O^jCvail J^-Aj 

311 



J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



Sw4 ajjjJl tJJJJo -L»*IS {£j**° P 6 -^** **J**~" *t^ •/■ 4»*?-LJl t_iL*JVl oJlA fJ.- U . '^ J . Si yl< 

Sjbj J.U.A-11 ULi'ill iil5;J, ,dJlJ-iJ CrV J*^^ $10 ° u - iJ ^ J . J 1 *^ ^ . Ja-— ; JI>JI 

.ie-jit oU-JaJi i»LJl 
Specialized Applications J^iaVjn oliulaj 

jjJl 4-— JjJl «J_jJaJ-l .^t« r-lij^l <Ui*^ ivoU- jj^L i^su^as^dl pU.Ja.JI J~*3> 
*UaiJl i!)ljJe>j (^jiC-jJl OljJaJlj Aj^SLjJI OjJJJI ^ .ij-aJl dUtf Ji« Ifci *£o*£ 

Sk Jil i ^>MaJl gJUll <JL*i-l OjSC V Of o 5 ^ • ^"WfljJl ^ J^r I* UU-j 

-r^' 

(*Lii)l Olj-tj (/jjiwJl OljJaJlj i>_^wJl) «iy^J-lj ol flf . U . T . 1 1 iiJbLl J CJ15" 

iiAJiS - . jl^i I JA /.jtAJl **jl)I *Uu)l jljJ» pr* 1 ^; c-ioi . LSI JL^tf j^laJ *ljj xy 
RCA JJ j* *Uj-^iJ AJUI lf*Ly iiUall l^S^s-l ^l&J^ CMOS iu 23 ^jjk 
i_1Uj (j i*s>L>- (j^lj^V .v.-'lsOJ '-J'V' viJUjCmiI . i£_^~jJI OljJaJl o Ujitf l Uflj-^- 

oU-Ull cJyi Ij^i .ior SytlU *j-iJ tUUi i_o-U> i^/x-jJlj WUuJl oUJasJl 

4jjUall i^ji C-llS' . l^yrt.Uijj i^j^l-l (jj>JI f-LiJ ^ V-V; SJjJb- ijjhz* OU^IC t3>«Jl 
i>^j . iiU ^I^pV C.t.<-^ JLwJl 4*JIp «J^-f ^£ L» fV-*"^ r}sJ VI j» JyC^A\ ,jfij 

oli-kdl J*jo«I Of Vj 5 ^- 1 oL-ljjJI o-jf ti**a=Ll J .J^UJI ^Udl ,>* laJUJ 

oU-Uil jiJi- ' . i^»U ^ |y;V j^-UaJl ,y ^Jb *ijUj| ^ywJl oU-Uit i^LJl 
4j_^i)l oU-Uil ^ XjjUipI J15f Oj& Ujj «_-jf i_iJliij AtL-j ijUJI *iji^JI 

jiVi j* 1^ syt* 4t 5>^ gJi*. i.^ 30 <y -^ f F16 * L " LiJJ lij*-* 5 ' oijaWi 
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fclJLii *5Uo)l aJI Jiu ^jp . Ic>JZj> «_A!l]ijJ OljjUaJI J iijk*i}\ oLA-Uil Jo.iOUj 
JLSlj iL^JI p-Slj-i J-wCU-j . J^ll OljJaJlj «%-^>«Jl cUai ,J?-J O^U-LiJL! Zj3j}\ jk*- -y 
<U<JjJl T^j* JLjOU*I _^t£o .j'- 1 '^' i^Jajf ij ^da^-» iLolS" islijj hjii^ai\ oU-Ull 

4_~JJI JSUil ^4>-l cJlS t(/ ^lil J .«>JI JUJI L sjL^i\ Olj-kll olijd 

oJL* Jl£»f OjjJ <uUw> tl*J» iCljiLkU jtal^Jl jLSjV i!Ui oUjli'-o »loic.| iu^adll 

JJb'Ull t JL£LJl c/jL^-jxIl ^ ^Jb jbl^l U-Ul mJLjcJII iJ-J-l ol Jb-^Jl «_Jpf 
oljbl^Jl aJL* (Ja^J .iLm t)f o-*^ ■ **-j^ Xjj* r&l i>" 7«-JlytJl JUjc-I j* ^^Vl 
iiJ^Jl) EW J J^jC-JJ (Jjj^JVl ilJbJl oL>L») ECM J Ij^S Ija aJL* . <Ul*j ojj^u 
. JbJi>- jJL# jlJUJ Jl it^oU Jlii jXiJ Jp SjOill iLsjJ! ?«-Ilj-i fJi" . (oj^Vl 
^2," JLx~.L. Westinghouse -u5y ^JJI) F16 ^j-J*/-! jUJI >_> Mi dUJJ Ji** 

J L*ji jbl^Jl >jj dUi Jl isL^l . o/Jlk! I fjl>>" J^b j iiU^Nl SJUt*ll ECM .-i'liy 

l^jlp (^jj^ ~j -j-y W-S"jJ 0^? (i^' ^rfl—^-l OlJb-pl JUUj <~~~J cUUij <LJL»jJl Oljjj 

4jLi>- <!)_>& (111 V^'-P' ill"** . *ffl£» bjJ iyiJ.1 iJaJI o_}^>-Vl J^ t5_^ liAJJlS' 

. * * 

. jL-J Ml |>-v->- (J <-^y ^\ oUjiidl 1 

• £J^-' J J ** =>«J jJl Ll)UjliJ.I _ 2 

s * 

J>-b (J '—S'jJ (_gJl <b_^waJl oLi-lwll JUjC-jI C ■'■'>■ Ji'i ol3,. ; lat oJLP lijJL^- OjjJa 

Jp iwJUJL! \}Ji£ ii^Ull iwJUJl cjLj-^ **^ «_rf=ri f>-^ tjlill Jj*— ,Jjo .oLJ v yi *-«^- 
.juS' JL^>o *LiII jj/ijjll »jJi * J* ^ i^JLiil cAtjJt »,Xi:.:S jl^i-l I JL» iu^ . ioli ol^i 

<> jJl 71-vaj lfi« (j^aii^jj /»jJI eS^ <_ii "^^LiwJl ik-^l_^i j»j^»-Jl j^4 rt-J— Jl ^^aiwJlJ 
.«',>..; jl (j^£ . p-ul 0Lp_rT **j«* *Aj_}j J *— JujI oL» wi f,]ir'-n)i ]a>-\ aj^J . ^^1 i* »»j 
(_5jJw» p-ll*-? «/^*l i_JU)l CjIj_jm» oU, w , ' ..< j jl jJ^j . SjjIjJl L^io >— J.a.11 J*i>«J Jaii 

,t li,>« J} JL^oMl IJL* jJjj <uij*«j oLljf Ojjl» . ^jmA^JI f IajJ ,«_« t_*»oliii < JL5JL1 **>£* 

if_^« oL^ju y_jj jjJl (^js^-l jL^I »_^>-f ^jy> *^Ji5' . t L5 _ r «bsJlj tJLdJl oLj^ 
J oVl ^ «>f>-Vl dJla Jl» . t-pU^I jrJJl j-UjJI J»UJ i-iiSi iA>y^\ ^.-^.nJI jl^>JJ 

.Sjjjf iUJ ilSw* 4jI Jji 1 pj| AjUJ l^j ii>>^Jl iLs-y> 
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J jf ij0\j*i\ lywj (J - *__»A_SJl J iiJij *^> i-ii^o l^^- Jijv jlJJii jl*W»J ,Jp ejJiJl 

fjjb li« . IfyJb- JJ JjUi SJLjJj |JL>- LIU AJJb iJS ijj ,^P v-i^iCJI ^S • OjU^JI *j-« 

. dl£.Vl jJii JUjJI Ju»JI JbtV LilS" Li, Jwy JI4JLI 

iLfUL* (j* 4_«iaJI old.Ja.JI J *iy^> oli-l** JjuCU-j jjJl ij^-jUM idajVl 

»Jj* »Ua ^j . ii-L*il *J\j» 1 -«J^J 0* ^J.**""* '^ l^ -^LvaJl *5U«JI oUdaJl 

iJI -* y_jj *lj>-Ml I-1a . l _^jjl>l ji^* - (J *^y^yi iSj*** p-^** ti* •Li-- &\ •*** *tu«l_^i 
Sy>lt t-jLiiS ^ . SpL. 24 ^JL. Jp cS^Vl Aj^J-I »_iiUi^lj (OJl Jai*ij i_JL«Jl £l5j^l 

J[ iiU?l • g-JLa-o-U *-*l— sJ-l "oj-Xii\ JUjC-L) t _ f A> JUj ^-ixJl (jS^J.1 ,j*J *ol~*l j^ 

i^»L>-j uJIllipi •!* Ji. Ul J. i_>Ji->.ll iljif ^ ipL^I JtSt Sal* iJVl ol-uLl j~*j dl& 

oLJUjJI Automating i_icV jf (j^JhJLdl i>jA-^ oU-U< JUa^l UoJ -_/xx 
L">U- Xxi J**1~j of IfiSU-J . ix^Jlj IjLj- olJb-j _^Jij (^ SJaJl 0j>iJlj iiLdl 
tilULS" . i»-L.f lj _y.f ioLipVlj SsJdlj ip^l dj& ii~*- 5j^ oU«pJ *I_^-N fOJI 
. ^a.^-ll J J**Jl i-J>>j jr^J-l J oUL ^L i^oJl oU-Ull J*ja»J of ^ 
•^ jJl AiywJl oU-UiL tojjll ijvr^ jjlri of *. ilj&tll ja ,j«U cdUi JJ «U1 
. SjjLxpI ^p i)»s»- i-jyUs;*) I JUa«j JIST olij-iS^J iv»l^-l n^JLSU ^j «-Ll»Vl l^i». » a>^ 61 

jnMII Jjia, - iua!JlaJI 

Summary-Application Areas 

olij>Jl ^^bj of ^J^dl ,>• . 3i>Jl oU-Uil jJaJ v~fjJl J>L| 6^11 Li-^j 
P-ljjf «_^ ^JliCl- ij>vaJI oUrUll JUjCU-I jJ£\ IfK .<p^~; oli-kJI »Ia uu 
■ ■■lyUrli ojjjf ^u jjycJl ^jull ■>. Jljj V . oliJdl ^f ^--JU *tyu*l\ oULUil 
^^ij J*«J oUjki.1 v_JLpf i_-j|y of l5>- iL«j>*p .*iL£ oCjSU i_Jkj ^iJI jJilb 
dLiJS .USUI ,j-iJ i>iw«^~» ^^^ oli-kJ J-ill *UI s )!! ^j*^- .<2i>Jl 

. SJUxIl oNULl oL-ljj t>» 1-5-iP ,j>w^^. 
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Building A Microprocessor Application 

JjJaJ injJal* A-~*£ iJU-«» . CPU £_jJ A-j*?i Jf- y> ♦i' idiLJl J^vSUlJl J LUj 

«_iJj_dl i_JLpf f«-^' 1977 iuu Jjuj >( jyoUJl l jd*ai)l J Oii*^il tjyU r-jJiz** 

* 

<LlSLb of (5^^ .»jjJa^» «jj-/H IJ-iwj^AST oLiJaJ *hJ (4040 _; *ijj*j> cJ^K^j 4 ,v 

8080 Ji.) iJUbu JSVl c£/4 *i>-^ oU-Im JUjc«.L oLykAl /•_-*?£ »i 
^L-f c?j*-^ v^Ls- r>J «-Lj fjU-. .A^LiL. *JL-Uu> ( ^<i,.At'i ,jJl (80386 j^-jf 808 6j 
luUi Oir-* 1 ^^ **** -LED oUi«ljJlj r-lj^Mlj tjjjJtjcuJI *lkJL JUoNl <j j^ 
-^So^xlJ J-jL-j t.«..A ' «»* lj-s»-l . |^»s^l«** -^j-^J -l»iU«y ^JJ JajjJL) *jy^j 5«-l J 

A Single-Board Computer ^jlji] ^^J Jt ujwU 

olilij ^_ijf Ja2i ipl/1 £p J^ <_>j~»L>- *b *-ikj (4_6) JSUl J ^ (^ 
lAJ J,j ^Jl) 4002 RAM S/ISj 4201 L^L-j 4040MPU ^f :jaf Ji>^ LSI ,y 
oljJLsj £_*l^ Oj^ >y jJl) I/O j 4308 ROM j (^l>-b J^l oljJlij iUSj 

.(OiL* 

OLu^ 1 Olivia- t)b»lij J.».wS..." . oU^SCLl jJIp J*Uij ^L-Vl |t ^ k ^Jl I JL* J 
J L*JU»-jJ i/IJJIj iibll JiUj cSiU J*oiJ .olSUjJl jJLp JJ&J iibilj S^IJUU JjL-j 

. SjjSS' iiLy CjI^IS ^yM^J jJl ij^ljJI oU^kdl 

Ua^ 16 l^ J5 »JL2j .iiUJU JSL-jj o/li oljJli 4308_j 4002 y> $ }y 

.iJUl ptS :! .,k"Jl J JlJLJLl is^JaiUl eJL(b JUjiX^I «-v»j^ . JUluAJ 

Jp 4^-jUi ^yjj ^ylill A>-^1 ^ «dL>-lA« t cP'j*l r^ J^ tjJ-l i-jj—U-I *Jb-j 
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**~l J^ J? iSj^ 



l_p- j\ iLj-jL>- Sj^sf-u UaiI J-^i 01 (j^C . A$J* 4 ifcw ^j^fljLJl 



jbijj .4308 ROM S/li j g^U^ll -j*-^ .(4-6) J5C^JI Orf iii *~N ^J 1 6 
RAM ^> cjLLJ-I ftlj^-L, iSjll oUUI jjiL SjjIU.1 «jpJ,l J»— »jf iUUJl S/IAJI 



,4002 



<pLij 4LfS til*} 



eM 



^ I* 



4kLiU« 



v*'i< 



J 






JiU. 



-\A/~ 



-W- 



t^T^T^T? 



y-lr y k*- 




MWUU 






(4.6) J£JJI 



4308 SJb-jJI IfUS ^Jl sV-Vlj J^Y 1 ^'^ ^ (Js^ 1 ^ 1 u- -*i>? "^ -^ 

Jjj-f # ,-hi. 16 iu-j ^yliil **-ji SJU*t J} 4308 -^ ObJ ijujf J^-jj" 
. (folill (LaiJl J J^ *"^: *»>**y **^l •>**) • tW^' **iP MLA £-— * V*< <Jl*«i*l 
o)U-»t i«jjf J-^jj . t«--jUJ.I is-jJJ <«jjVI t-i^iJI ,j^ oUjLw ^_»Jr OL-I i*jj Jajcu-j 
4i% 1 j^-j vJLL . jlilJ 4j-.UU oLailyJI jL&M J*-f ■>• LED JUijlp jx J* £-« tfj^I 
(jLJI ^f) JtiLJJ JjVl a~jVI J»jkU . Jli 7 ol-o i--LiJl oLJjUJ JaSi -t>>^ 
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J^jj iujVl J»>4-l ^ jf Ji*.^ .oLx.1^11 a^jU £_JL J*rt«l ^Jl 4308 SO^LJ 

. LED ivi»lj JS" i»i «_< 

^yu . LED *Jia\j jL^-I «Jli cJjiJl J ,^£ c^"^ 1 ^ U*» a~*^ '°j* J* J 
^u j^ ^Aj iJlS' cJlS" t«_J.I *f-j~- of IwJ/il lij . £±ju> £_»Isj LED Jp ^ UjVl 
(g-jli-lj J>-l jJI ,ju i»jk>- S*jj( J tfjLill) JJ-I IIa yjj . oUwI^Jl isijUJ ^^ 
«_jjVl cJ%*£\ J**i-J of 0^ .4308 Jp 5-iL^I cJJUijJ i*J oli iilx. J?^ 
»i .>]" y>-U- jf iji>-l JUrtll Jt. t5>f ,>I>V 4308 J (uuJl ^aif) iiU! 

(JSLiJl ^ O^oJI **>■ Jl) 4002 -yi ioliJl Ja^- ^JU <uJ\ JU«l-.lj ._Jj-«Uxj JUsu^! 

L>. JL*s-l Uyf o^S .(^-=11 Jt-f o* 4308j vM 1 W 1 -b 1 ^ 1 ••tf'j ol5l»U 

p p 

Js-jks^ U j£ij i^JLl i^-U-l Jl AjLJL. LSJL. _^i . IJl^- ,k~u L^Jetf Jia I jj. 
|JUd«j JlSfj oj^ki* oU.Jaj (juij ^Luk *UaJI l.ifc Jo.«."-»'.,».i . ^/rjUM il*JI a-j> JUaN 
. Aj^IUil iJU^fl <-aSUi>Jl J^ Jj-vos-JU LSI JJlij j* JUjil ^Uiii 

^j^JI JajjuJI j»jp-»j t^jlS JuLa 

A Paper Tape Reader/ Punch Controller 

J^Jt Jo i.jiJLl oUUlj ^Jl Joj^jJI ,>. ASCII oUU o^Uj 8jt 7 fyb J*^ 
iJUS t-JLkj ^iJI («jU>-l ^jJ»jf) y*L»f Q^ sjj* j** «JJJi Jl i»U»l .(H>2 ^ 

Jj^t>JLI ol—jC A»j]a>. hujj ZJbM j*ljf jlJUoV i»j>lap^ huj *jl> . O^Loj^U i>jja^- 
oUUj d/& SiUi^i iwi 4j^JLLLI i_/ijUa>.jJI Jp Jj-^aJ-l "jSCf . -L**i>j j^itj jJjj^ Jp Lfi* 

,(5_6) J5^JI J i.jkJ.1 USLa jAJ .irtjLJI i.jJill Jl JU>L. 

JJU j]| Ja>- 16 jijJ toUll ,>l>bU ujtJ^- Ailij ^ 426 5 GPI/O SJb^Jl 

.^'jUjf JUj!>U Ul J*jo-J Of -j5Cc Lyvf ^f oUi^l v~^ Llyl it^Jl 

. Jlj^l iujli\ ^yf-j ^jU, ^<>dl oU^J*. JjLJ 4308 ROM S/IIll J.^ou-1 

oUU) Cj%^>j 8 iiuJI ^i iI^aUIj J*LJI Jp ^yljjJl Jajj-iJl ^j »,^jli 0!)^ oULJl 

ujj-U-I ^ oVU;Vl J^ I^f . ( J5^iJI -^ J.L-VI jk-SJI .J.-.J J j^) (ASCII 

. (JSJJI •>. JaJI y~iVl (»-J»]| J oJ.1) Oi*^ ^Ul J^LJ j^ 1 ejLvall 
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ipl It 












•f p&ji^vU. 


MPU 




<< 


*-m]»\A* 









K 



PROGRAM- 
MABLE 
GH/0 
4243 



DTD 



PROGRAM- 
MADU 
GH/O 
4265 



TS77 



fo* 



6 



GPIO 

«LU)I 



LTV 



p 



AUI |/% 



RAM 

4005 



fi^JI 



JJj.V\ fUUli ASCII olL. 
V 1 . '—J\ 



7T 



ROM 

«oe 



/'WW* 



iU.,16-, J5U 



•lSjWI f > 



U V 
-J 



FORWARD SPACE 



LOCAL ON LINE 



SACK SPACE LIGHT 5W1TCH 



SOW TAP* + TIGHITAPE 



] 



iJVi/ 



iJVlo- 



icnQCHtcmmica 



*--)olj-l>J| 



lAPf WARNING ft^isA^jJ' 



iowiaw t J jUai'JIj.^J 

IQCAl/bNllMt _ ... 



.J jLa^l 



(5.6) JSCJJJ 

t*-?"" • cP^L) ^V" JUj«1o»Li »jJllj t^jjjlSJI <ul t_iJyj. ,*5\>tJI <uikx^ c« 1,.a>- 

. iibfc ijiiljj l jJL-*z~*» jUijJl J-Ji* t^-^j /olill L&Jaj 

(jiiiN'iHI JasjjujJI JaJ/i i» ■>* iajLa 

A Cassett-Drive Controller 

GPi/oyy . jui 2-^ s/ij j^JiaJ gpi/o^ "ta 430 8 rom so^-jJi j*«s-j 

^Jl oUUI .JwyJI ill ^j Jj ^ J^ 16 t (6_6 J5^U ^1 iJjM J *£U) 
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y.i.i'. i.. '.rudi.^.Li.iu ai.u i. i..ij i i.i i .i .iii .■j.j i. Mi: 



AC-L> 



f S^i\ a i^M> 






MPU 

«M0 



i«Wjui"f 



«45 



iJVl 



J*S 



OVERRUN 



CASSETTE LOAD. 



WRITE B 



• UVl J| 



</ 



I 



TV 



BAM 



DOM 



"7Y~ 

16 



mi 



OM'O 
<»3 



JF 




ROM 

an 



4^7T 






5 



OliUj 



IQCAKONUNE, ~\ 



V 



C >JJ1 



•^Ma Cr*J Jl 
Ukdl 



(6-6) J£jJl 



aUifc iSjIjJ Jl Jl^ Jy* > J^«LI ^ -(J^ 1 i>* cPI c^l *#+•) 4308 
Jaj^-i Jl A-jfclJJi jf ^ ioUJl cAJLJl J-aJ . t---JyJl j*#&v U« . (i~» j^) Uart «lij 
yy .(j£iJl ,>• OyJl i^r Jl jJ^) .4308 ROM so^l Jl t^J.Lil.1 Jj><-dl 
Jwt JS^y, .iJVl l <; .IU:V UttL 16 t (JSLtJl j, U*ll ^jJI ^JL| Jl) 4265 GPI/O 
j* JaJI (^Jl ^JLI) 4308 ROM <y idO -^M 1 J*-^" .**tfll i^l OvJ 

?-jJ «_. i_iJ»dJj OULJI JUjI ^l^f ,>• J£J ijjj^l *ic>«Jl l_4jU»} (vjJUJ (JSCjJl 
iajj-S iajLJ JJi ^ i«A>Jil CjULJ! JL.j1 j£c . IfU iolill 0U4JUM (j--^ jf *£xxll 
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16 4*~u 0>»UL oLL JSU jS- i -L Jl * t-ij-U- -y.jf Jl Cassette (^-JjLjJiI J~r«~ x!l 
4002 j 4308 ROM iJbJl SJ^ll ^>J| IJA J^j .(J£iJl Jill J jjj) iJUj 

.4265GPI/0 Uillj RAM 

.JLiUI GPI/O iilij JLxu,L L~*b •_■£*-» I/O iiULI tilt, -^ jujU ^JU* lij 
.4308 ROM iiUl oUlij JU^I ^jM\ 0>l ajji J>f £-.1^ flo^l juJ ISI 

Uli> ^ .SylUl olilijJl 3Ub v-iftb^l iabjj ili*Vl «-U*o» jI>l*VI t -k-J 
l^-i L i-jj- ,y> i—iSlfe^Jl v^jLJ- J. j . t .j jj| ^ycsJl «JUJJ i~,L-Vl SOp-^JI Of 
L^i »^..,.A. < t Lg-»l-Xiti»-l k_jt ,_^Jl ioLJ-l rt-iU ijjikll <jU«x— !)U cJ^Jl j*iyi iliSOl 
^JUc *J| JUiJ i_j»«J Jjb*. *Jaj y, Jill IJU J JwcJ.1 4040 Of uw 1-4 . k-U» 
. **-ii J^V' Vslr" iyhi • ^^-"J 8 i*«j <£j>~p £-)!■*-• J^ f^r"i i5>>w 

LJ.L, y» iy UL^p ^Jl ilJUVl <y l^^U^-l •_£* ^J| ilJl oU-bi^l Jb4 
•j5Cr . ^L-Vl <^_ r *val! ^JUil rjJ *--*£ J *~-S>Jl *+~>\ i»;«-/*' J JlSLif ij>>-j />.** 

iJlS' ii-Uil *s-j~> c^ta U i.^iiiJJ iiLJj oliU^J k„...ll J-^»jJIj * ojLU^JI Jp J^^iJ-l 

.iiL^Jl oLfljJ liL^Vl JLioJIj jl*j jkJ J .«_*>w» j^f li* .iUijJl aJif. fLiLI 

. lo-^ ^JLSCjJlI nil Jji*^- 

Vjl ,j^>Jl- . iJLJl S_jJai-l J l^^iwuL*- jJl <J iljf-u iiJijJl »JLA j^jj -j5Cc . Jili 

ANALOG-TO-DIGITAL CONVERSION ^ Jl JSLiJI Jj-^jJI 

L5 *5j v.jj^.U-I J L^Lir o^SC; IjUj l j »■ ? ....>» ^f AjiJIi ^ ijcJaJl y>l_jiiJl iwJlpf 

^j Jl JiUI J^>dl jUJl ^ s? a s iLi (luili JUiVi J^f />. . (^'taJi r UiJL) 

.JJlr Jl^lj 

\j~S IjOp C'-fc-A" JUi - Sj-jT iLSCi-o ^yjj Jl JJUJI Jjj^I ol-? 1 1 970 ii- J 

I jjfc jjSO . (Jj**a fJL** <Uj]k^i v-.jSjJ cjli (_5 Jill JJiJl JJbJl j«_» iijUlL olJj5i,l ,>» 

•j*tj A-j^lyl «L5j Jp di'ill ~*j*yj> (ADCs) 4;y»ij JJ iJLJUill oVj*>~»i .^u; Jii 
oVU-l J 1 ^ DRIVERS oLft^-4 c*i' SJUJbLl ADC oUU^ >Lr aii^. 
«.Lj jS^ . l s J i^ai\ gJUll oUL JiU *_. spL. u^JJ ^JUaJ Jjly^j TRI-STATE 
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SjaU-I p-iUJl ^ iXt- jijij «iJUi J{ HU>[ . JaaJ <LJi cju^SLc S-sJUia ^LJL JJli i-iJ»j 
.i^Ju^Jl oU-Ull oUjJLjji i^Jpf ^ SjJiL. <-ti\jS Ju^. ^1 ^-IjJVlj ^juJI 

: U» ADC Jufe- J 0L^J^]| otlfcJl 

jUoj i*J jjli; SUCCESSIVE-APPROXIMATION ^jlsdl «_uyfcJI JLJB J 

oVj>Jll ,>. ^iS" O^l j»y . (20/is) *JU Jj^pdl It-j** j£l oiUj 1 JJ 8 o^ 
. «_jbxLl <w-j_^xil.i;^j /"Ji^-J jJI ($ 10) -j^iJl isdj^^Jlj a J^-lj **lijj ADCs 

Jbj£ Jl$*- *^« i*~»i« Jv»y DUAL-SLOPE g-jpjll jl JbJ'ill ,*-~*^ ijlSJ J 
J}U- CAPACITOR i**Jil j^i; -i .c-JyJI oLsiJ -_^ >-ijy" *J& *U5f L*J> i y^ry 

Jif /uiljJl J (^ bj-o-^j t(iU»j 1 3 _jf 12) iJU ib «jCo iJJj AjiSJ oJLa . jjjLj^SU! 
jt-vnji ijAi pOa^i«J ,jJlj 5Jb-ljJl isli^Jl oli oVj^ S "** jjyS . iJli J* _ (20ms) aji 
J»-b ADC *b t jP- -_/£c .^-jLdl vi-^' V*" a 4 J*f j*^ 1 a^ ri^P jl-UJVl 

J ojl^-Jl C-JjJ J-^joJ.1 (»Ui_Jlj_A JJLdl ^jJu,Jl ^JUil -y> JJUS 
Ub-V jjdil ioVU-1 oL.lp» *~i J Uy^jU General Motors Oldsmobile Toronado 
ROCKWELL ^1 y> ^JJ- ^ ^JU, *_^S>- f lkJ| |JL» J«x^, . J^iJl IJU j 
.Uili iiLu cljJli UjujjJj 4040 Jc- iJ.1 lx._jk:« Jl ^>-j 0"Vl Lc-i 

ADC J**^-J) .^1 Jl JJUI Ju^pd ADC J^^j .|y UL^^ ^Jl iJUuVl 
J ^j J^UdJ JJU^JI .i« Jl- r .^J 4040 b,yii. JS^-; . (JJli Jl ^| J^^ 

.(7_6)J5Ul 

(*s» Jl '^-M $& h^\ Ji^ (i^kii^. «i) o^U_, 8 i*^ ADC J**s~j 
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cij^v <y^ ^ & ~**^ & ji j^-j ''^ dac tW ■ ^^>j « u-j i>*ij 

^ i^-jU-l JJLdl oljLii ^ SjIp DAC ^iJy t iJL«J-l i>pLuJl oUJaJl J 
.DAC J oLyUl a*jt ^Jl tl^Jijb-j ijkJl ^JLSt jf SO>-lj ijJIi *_, ol>J rjJU 




(7_6) JSLiJl 



^jLp IJjIj t^-jjLa* <LiUij eijj-«j JJUiU ^j^JLf ^pw^a^JL) ejili JLpOjajJI >uJadl 

Jl JJli Jp-JU Ji^J JJb-lj ii\ijj ADC J**iw . (8 _ 6) JSLiJl J h~» DISPLAY 
jS Jp SAMPLE-AND-HOLD-CIRCUIT l«Jii»-j iia*Jl SjSb J**^ .^J) *^» 

jjp iJLidl c^l^l f>" .O^-^l ax jl^t ^JUI (MUX) 1 JJ 2 oljJ ^jju ADC 

. iJUJl 4308 ROM ,y I^l^cj, \>jh>- iJUi 

.^jy Jt« (9_6) JSCjJI J jju .olySlI jju> JJU; J>-f j* JJli olyi j-jX. 
JJU -^ Vjs^jl* jb£ 01 JiwJl -^ JjLJI j^JI 5j_^1jJI J ^J.1 cjIj^JI g-jju A-jku-j 
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JJLdl oljLiJ **ry dUi a*. . JU^II oljLSI jLS-'tf A2j Al j A0_, SjJij* i^jJl 

.JUj-JI SjLiJ Ja*j (^JUI (S/H S^valt) IfLis-j AjkJI S/ljJ 



jjjbu ADC «-ic.J 



jj^il t/j_yuaJI ^Jl^ll j^v -j^j <3~j Jl W-kj^J S/H J oO*>Jl iftjdl JUjcJ 

0^»j iJUi ADC iliJi Jbo /»JL2j . JSLiJl J jJUp ^JUI Jjyi yJ tj^oal. Ja>- J* 

"5,f t iUj 12jf 10 iuJlji ADC ^i -ii>-Jl gJUll Jl oUUI <y Jtffjf 

. ( jj»^ai\ pJW cuULo JiU Jp aJUI iL^o"! J^ji *i o%^>j 8 Jt—jk 



4*»l«Vl ivijUJl oLojIj 




L.UV ^ijUl 



(S-6)JSLill 

,yjj Jl J^c Ji^ f °^'J 4 ***■* ■^ Ja i L,i 



tSy^° p-^ r£ d$ JUic-l; j&d\ j&c dUJU a>^j . Ljjl« iJtt ^ i.jJ*dl ii£j* 

• *^^'j <_iJjdl rt- ^ ^ ^i j Ji»- J ijw 
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Jl OVl >J bo 



o U .. Ja j J <LuClJ.I JjU-Ij oLiJl ( jA>u 7*-+0jJ ,Si 

.iX*** 0*}|U- OL-Iji iujf 



FOUR CASE STUDIES oyb. &ujj oUjj 

j^oJi ouii J jjjli v*L/* Jj^" ■ ^iw» oLaJai huj ~jUi ijj» j . i fl \^ 
Jaic«u ^JJl jVl JU-t^f' ^y i*JbiA jliJl .^LS ii^*v» jJU* i.jkL. J*«i~j 
JuU l^^Vl iftoiSai S>rVl Jfe. Jy> ^j'uJl jJdl .i^U ^.1>Vl gJU- 
iSL. J ^>sdJl gJLJL ( *SUdl lJJLUj j J&~. il^-f . aJLJjJI ^Vl bj 

aJaaII J*ljJ-l Qr^j UjL- c-^if jJl oUidlj *^ftlill **jjVl iliaVl «JU (Jir*- 

. SiJbi Ol it . i/i."1 



Jj* 



■N OJ^rfj 8 iw ^_/u# ffJUi 



oUjIm^ JUjf 




ft f^ f^ flf 7^ rt f 1 



Ao A] As 



J" 



(9-6) JSLtJI 



AN URBAN TRAFFIC CONTROLLER fcjjU J jj/l uSI^ 
JL.VI ,^JI 015 i^LJI J^LLI J i,>sJl oULUJJ jjijVl oNL*^-Vl Jb4 

* * * 

i—Xjl — S^jj — jS" Jajlj — ^ Jl — hjC-iLj Pjlj__JtJl «_l»L2; J jjj — ll *lj_v>f i-^-Jj— J 

cjc .LU«;^f oVU- iJj>£)l JajljvJj <k~o o^U- ELECTROMECHANICAL 

oJJaJj IXi«J J$f ,^if iojdl ji»L. J JjJ-\ i£j~* «&»& iuLJ-l olJls-jJI Oj jjlajj 
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.jjJ-\ t\yjn <~-i\y L»j>«i| 01 

j^lj cJji\ ^w ^>Vl oljjJLllj fl^jVl oUL. Sjjij JJL1I c-iyJIj ^LpMI 

.jj_r*ll v-LaII oL*S1! a—UII *-illjf 

i>l>c*-Vl» J»i) ijiU- i-iJiljS' Jp j£ ,j}\ oljLJUjf oLuU 4jU^«iI 'jJJ. JJLy • 

• ( « JJj*^ 
.«**J-I»jf «*ili5Jl» Ji* jjj^i iijiUl v-Ull oL»£ll i_iLi- r-ili • 

(5j>-Vl iJ'J 1 ' olJb-jjf cSjf^-l i-J^-U-l JajUJ Jaj^I I^jlk. J& J»jl»>- J**»jJ role • 

.■£j±*.. /u gjzy>j J-vj ,».l»w.« tL^jjX n_.lhj . w iSv^*i j _)jj*U 

iSw> f-~"y fcl*i "j* *'.«.vfo U jlaJl; ljSJKj ijUall cjilllijJI J jrvJu (^f . iil£Jl • 

. 4*jSjA\ <uJl .x.a.n.7 J| ij^jJL iijliu-U -UaikXa ioUxe-l • 
. . L Jb d l iU ,_i iJIyi oU_^-J v^lr' ^* 2^^H *ij*~d\ s^* - '^' cJL»cu-l 

J£jJI j _*& . (olj VJI & jVT 4x^u ^ J5f L-iji -^jJl ojS; vl^) lf^*.j 

.^^i^» ^-IUjc «^>»ll jjjll iJI^. SJL>-j U5La (10-6) 
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q} t ^jk^> gJUc jjjllj jj J.\ <_J\ja i^l^j, f-Ai^ . iilSlI oLtljJl «_* i, jJLtfJl 
i.jkJL! S.s.u.J.1 cjiSllijJl v_Jpf Ju^i . ijiy.1 ,_iJ^ll JjLy Ltflj ^U ^y^ «JU* 

J*f J <1)U>U Olriji jft .U-Uil JJLyj ^Ulj l^l *'-i* i5>*aJl gJ^I *Lj qjJ 
«aUJ SJs-jj a^jUM viol_pJJ jJb oJjJ iaj^ll t yLiJ-l c-JjsJl <pL- U" . J£iJl 
WL^I AilkJt £lkul a*. i.jkJLl JJuiJ i^lp^f i.j^J| (PFR) ap^uII yi>j«£Jl olUl 

.isJlij^l-alkll ^IkiJl oLitfl jlxp 4j-.L,Vl oliUl Jii>-j 

i> JJj- 11 V'j* -M*^ j&ji . JXJJI ^ Jl «_i}UJ,JI iil^y {S ^J- Jva^ 

. ol^Jl DETECTORS oLLAtf JJ -^ i,aill oUjJUll 



t*^ ij-?*r j* 



f&JljSr. 



T w 






J~.r" 









jy 1 



I^JJt! jjV _J 









*T 



■~1 



u^-b 



"I 






n^jVli 



£ JJJjTi. 




O 



__ oliyJI uLilS 



I 1 



(10-6) JSLiil 



oJLa jp <Jjx~j c_<L£i3l •_/££ .jljx*Ml nyj\ ilJ-l tiiU-l Ji"jf »j»- 3j* *AI »jL~Jl 

l^Jljj Of ,^C ^1 iLaiU ojUiJ gtll; If J>-j* jf r-lli< -kJLu <_~*-j ^i Ai/Jlj A^-ljVI 
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^Sji . (AiU-l Jji hy. zyrj JjJbi) JLsrjU lys h^>\ Jl ^ w Jl Jii^ a* *U>-ll 

. L» i»jp a*j-» ^LS jf ol^ J*^ <J ji 9 ^Li jl L* 

^ cv-Li & JUVl Ibjdl i-Xba .^1 ^ Tj SULI ^ D o>S lc^>- S =D/T 
,jJL!l T -j-jJI a1»L~; ii>sJ1 gJUil j-Jb .^ D Irtirf 4»UlI njyik- O^lS" JLxu-l 
ifeULl »Ij£jl-Ii iPj-Jl k-^-^j Oi*^ 1 uyLSl^Jl ^» J* J* 1 ui^lzu ui^V ^rj J-**i 
-j>»9- Of (j^jXtfJ . 5i>i« *il>- -l»2i y^S jf^?- aLJO *2jjl» J**i~J . e!)Uf SjjS' ill aLu»JI 
cjLJ- J^jOU-J of ,jSlc *iU-l Jji SjULl ajj*JIj «j*>J.I iJ»Jl ij?-j S/i of} ia^jZt iyJl 

.oj^ill iPj*Jl 

. (■ jljJLJl *J»l2: Jp Ji«j *)U» jj^* iJly jivijiJ ij-Uf otaf oiU-l oLLilSlll _^uJ 
*U *LtjS Life. _>_>>! J*rj V.UJI oL^Jl ,y -j£* j>JLp jS\ ^Li ^ ^JUll iiJij 
Jl Jj-^jJI <; "rl^A' o"* Oj>5o of -_/x£ . Sj JjO iJli« olLk£ *|JL>«i-.l ■jSCc . oljj-ltJl 
ui** Pj 1 ^ c) ^j*" **r"-^ 'lA*** ^-l»La i^f <J^>- y jdl oL^JJ Jli* ^Jp 
•_^ 4«ja^ oVU- Jj 'Ijs^-y .ijJdl tj *SLi J SjJxu Pyl^-i JbU- oljL* i5j-~*jl 
sl^asM i>-jll . V"aO oVA* Jj^* (J* I*'./""** - ^J-"* ^U** Vi^-A' U"" A^i ^' j*^"' 
jp <>• J^1531j £jLill J_»i» J* jj^i ^-atjJl Jijai\ Jl «jL»- J^^J 1(V- *j\ Jpu 

Ija dj^i of jSic . ijjib,\ i*j~A\ Jp JiiU LjiT c-»la U jj^l t\yj>\ Jp i-iijdJ jl^Ls<iVl 

) ( 1j>- . £jjdi J A^jt* jjj^ iCJtJ Jill oUaJa>Jl oJU ^ oLuIjj ^|JL>>Xoi| i5jj j^aII 
J**^' JJj^' t5^r~* (J -^ JLabj (iJJi {je- pJiJ t l^vdju j»_j» IjuAza js- oLklaiJ.1 0_j^j 

. iL.isai isLui jy 

>r J<*Jl iJl" ^L. ,j^>a;j (10_6) J5UI ,y -jxVI uisaJl JJ iJU S^» J& Upj 
j^>-f) i_JIjuJ1j jjjll aIj^I ,^* ^t-A« J-S 1 * ( _ f ^aj of (JjivaJl «JUil J* V^V^ 
. J.J-1 O^^. Sk-lj. Jy>riJl J^ ^'L.^1 4ilUl f l0iw-V IJii .(y-f_>^f_ 

J ^f ojV ^->waJl i-idl ^ ji>«^ i*vijJLJ sj^jll Ajjjjl ^jj i^f Us>u ai) 

l>jk^> Jl Ipj^j J*J-I J>-yi -y Ol i^j Jaio I Ojk ^Jiw-j . ^Ls* f££ <*jkj> 

sij^Vl ioi^j Uli»j ^*>-Vl *^iJI ijxvij iilj* ^ jif Jb^S" .t5>sdJI pJl*il 
j*ij tb^N aSb oli ^aVI *^II a^. of ii>so)l ^JUil JjU s^. J5 J . iWUl 
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jlS" b t U . -co^j ,y Ji>db Jili, ^Ui Jlpf OS J*;L.| Jiy of aJ^' l> <**»; jj^ 
ly^wi J*M jij, JL>- 015 b[ . ol r od*lj, LIU ^Vl jJUjJ jU. jI J-J-l ji,. 
olw» jjSCc sajjLl AjiiJl oUjLw JUjcu-L . i»!>L*j io^kll JJuiJ ^jljUJ Ike *jlaJ 

jf Uajf iajkuJJ jZs . ,Jjii^ai\ pJULl *bf *j— Jj^-j X* A*j«j>- iKjLo ilyJb- (.JLp 

J^ la* . £jlyJl ^J»U: J*- 5*UVl j-U. ,y s^iL. v-^Jl ol^U. vrj* js\ jjk; 
■ u£jiJ iSj~> *bt *y* ^>j^>- Jl*- J Jiudl ^ jlai^fl jjiy ^ -of Uif Ul 

i>* OiW (_M J j^ li^l i istfUjJI l^O»-j_, _ r a>-Vl t^all u *aSlo i-Jlj^ iiJij ,yi eO* 
£-»■>- jljAirfL _^d>-Vl s^all i»*-^j jva>-Vl *j-/Jl (j^aStj V'j* 3Jkfl-j i JI^j , J5wJI 

of J A*Jls hj\} Jpj oLa*L^ ol^^f ob-Uw f-^ \i[ . ^jlj_JUI f-kUT J ^-I^Vl 
gJUll i«jJaU Ul J-^5jj £>a=l-l IOa ^a^-Vl ej^iJl ^yuLj t-Jlj^ <_ii£j tO>-lj 
,y>L*j}\ *,^i. .i^iUjJl S*lviyi JOs-j J-^jjj (cJLkC Oi l^f ^jwi^) ^jA^aJl 

t*^ <=? Lr*^ J 1 ^ ^1 i^Jf^'j ''j*^ 1 'J^V 1 <>* ^J 1 ^ ^U*j FLASHER 
*^iJ| syry *iy <^>j\jS <_««j ^ <u50j i^kuJU aJUjJI i*J ^ JLL la* . cA*bi^l 

Jiudl jf. jlJUVl iJ[ jl«JL| II* ^o, . oUok^l l^ gja, oUWl J ^i»-Vl 

»bf *>~. d>a»- bl .15^1 i^^Vl oLMjJl *_J*f jj^jy^^j iSj^frl JUxu-lj 

O^Ly ilU~l i_ii& Ul jlfi-l lift pJLs ^va^l *^vaJI ^yaSLo Ait- «Joj LSjrJjf ^1^! 

^aiLuJ of yjuJJl j* . Ifi'ltj ,ywj J; 4 LK JUi M h.jM\i . ULu, jJI oLjJI 

{^jh^oSj iJlZSj -U-iJ (^jivaJl ^Uil J>-b Jk«Jl ^ jlJU^U Ijjk." ^5"f ^yif CjL^ 

.jrl>-Vlj. JI^jVI ob^-. J* flLbJl 6 lk>-Vl ^ ^Jp 

c^ ■ J^JI i>- <>^l *J>JI J «(^b ^Jl^ y» _, jj,i>. ,jJwL a^j Jj^| 
Ji^ Js^ki-I oIa pi" .i3jk«a}\ ^JUil i.jJiu jL-j Ji (Jbu-ilj J— jil J iJj-^_^. 
. iil^ll _)5^ (Jl J— y *j . JljJI jj* j-^>-Vl «j-iJl 'L*«0jj ( _yiiJ-l i-ijil^ll oUjJUji 
iil_^ jSj£ olSLiJl dlL" «_j*- J^ai . jjj.\ SJIy. «JU-. Ji. iSLi ooll J Ul*c. ^y 

iJIJkl jS"yi J i^jjyiil oUjinll ^ o-s A' J . Jiu iSf^ 3 ^J**\>*i >Jji <l>f AiSCj (jJUl jj^l 

( ^ i 2; l ^ ; sCc dUi Jl A*Ui[ (y-Vl _ ji-^Vl _ ^p^-Vl jf oa>-jJ j-^>-Vl) «J>LaJ J5 wj 

^ycJaJI ,>. . ijiljUl oliilSCII ^ i.3li!l 0I>JlI ^yy ^L»o iJI^I ^ J jj| «li£ 

jjL* jjy "^1^ (J! 4~«^jU SJjjil ajJJcJI oLi^iivtj iwjL»Vl A^-lall eJL* vtjj ^*A;f 
,jSUJ *bf <^- ^04 Uoip .,_£~fpi JiJaJI Jji» Jp AJbdl oUI^U j^Ijj tl^sr-^ 
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jZ-y, JJ dajjj JU>[ Sa^j \ljy> d\5 1^1 JjVl Qbji piJ Lfr» OC i£>-" gJUl 
( _ 5 JW»jil jjj.1 V*Lr" Oif **l* ol»>iw» l5^~" ^s* J**jd (i^l ^^LJ-i J J-^UJJ . J<J-| 
Ja^ J^b j oUUl ^ oIjA ,y.jJl »ljrf £4jJd (TDM) SJb^Jl tUIJLl jS>j 
dUJbj oLsl^Jl J TDM JJLy j-JjJ ^yu^ g-Jl** JUeu-l ^ . ipljiVl oVLaJVl 

. iUidl LyJl TDM SJij-j Jl is-LU ^^Jj 

0U!>U ^-^JUall <_-J>dl >ji ,>^l ^ Of l1/ J^ 11 J*-f Jl >JI ■** iU*l 
tiUJlSj c-JjiU ejljjJl 5*_jU1I_j *^o^JI 7*-^Li» ,_r*yJl r>l J/**"^ •-£*"*" CrO" <-^ 
oLJCJl ,j* jJIp JUJb*i] jj^Ll ,j^-Aif« JJ q» *£>«JI f"-^^ J-«-«^-j . (j^^JI oUjLw 

• ys^P ijw>jJI »Uaj ,j*-^a«J iUUi5 .SjJlLo tcJUII iko-l^j jrwJl />-*)-• (J J-»-*JJ iilxfc 
IJl* ^jjJl 7-jJ (_^ "wlr*' •Jj^ a iJ ir*^* »js*-^» (LEDs) oLa*lj Jp jjjll *l_jv»t 

JjLyjf hjjj Ol5y»«jC i»>kil ijjl Of »_*£ dXJi J) 4iU?J .(((AjX^jPI isOjlp» ) 

jjt^Ji JJ jj t!5\t» iJjUjiJI oJla J*jcuJ .A^jl^kJl jlp cjLpjJ_j!AJ (^jJlJI JUjOc-!>U 
t_JUjjjf ivol>- -i»lif J j«J»liJI A-Msy {£* *i\i-\ aJL* (J .^^w iioL>- i^>-j JLp jj^l 

,Jp U^t jLa£>-L il^>»J UPJ .iojlaXJL] i-iULtpl r-ili «_J^ O^ll liisOj JUoJ 

^l^Jlj j^^Vl OjUl >iU: ^i\j>j oVU:Vl JiL-j -^ J^ JiVl J* ^_asO 
^^Jl c ^ JA-j •J15S >iiJJ^ .oljVjJI ,y oil. Sjlp j^aU-l v-AJil^lj J*i-I ^jaj 
uiKj Of J-»i»il ,>*> <JUiJ i>^J .oLS^Ij iJJwil iyU-l jL*I Ojj -^ l^UL* U*f 

.i-jiai J^b ^y ^f js- jiVi Jp ^>*Ji gJUli c y 

SpjsLI ^iLJL) JJUI iiiSOJ IjJiJ ?^_ywJl gJUll ^ ^1V.J.| oljjll ,y» L. 
Jir V il^L-Vl J-^yi ^iku ^ VJb ^>^J| gJUll JU-4 0-i* o^ai ojU jsl SylWll 
j^jill Of iJ^' »r*-M ^^ ^^ ^y • olJb->Jl ^ ojJiv» jl Jpf ^1 jixp L>*^lj l^y 

gJUll Ujijj jjJl SjiUaaVl j;j* Ju-L.^11 ijJLl . 5^ ilJLpC ^bVl 0j5J ^ ^ j^waj 
.aJI^^JJ oL-J-I cjIOs-jJI ^loi^u-L Uy_,j ^1 SjjJbJl ji- «*IS'JL1I)( SjJul ^ ^^JwjJI 
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Of SiU jj^ •wJIjj" JS Jp i_*£ Ajf j* jjj.\ *~ily> iilS3 ioisLl i^il Ju.I_jjJI JL>-f 
olJb~jJI oUiljJjf irfULl olJb^Il cfJUi ,>. ^aVIj jjJLI Ayj,\j o-jbU J*iJl ^JbJlj 

CjIjIO* Ji* SiJjCU iy-j p-ili JU-iJ liAJS JUj (_^ . \~*^>y> ^Sy of i— £ JjJl ijL~=Ll 

i»^ll ojJ.1 . ^wULaJl rtjov*' . ! ! jp>- t sLtJ.1 j^jP r-ili jf jl^Jl olijf <_JU; roUj p-»«J-l 

. v-ufi ^-Wadi aji_^ V^ J wi^i ^ [k^j. ish proms n^.jb"i <_-£ .yijl 

oljU>-Nl lJU- l«) oLtl^Jl t5jx«^ ,Jp is^l>- ojj-^oj Lj^ tt>jJ- <~£dl of U 

Jp jljjjjJl SjPj i_~«?- if^Jlj ajjjUJ.1 aI^JI *-**■ *3 . ajlILio oj^ tuL*So a^>LS 

i^gJI ^Ub-jll uiisai £&)[! iJl^Y l>I ^U Tj-f *U*JI a-M J iUaaVI jiu 

SJbJL>- olJb-j Jl»0^ JmJ ioL-J-l l^lJb-j jf l^iSUij jwu" aJ^4 ,_,» i«jliJ.I *-~SjJ J-»j 

j^i ._t^<]i jju i*Jkp ^u»i lU^jii v'r J 1 * ^^f 1 ^ 1 ^'j* 2^" - PROMs cy 

SJUJbi.1 iuLJ-l olJb-jJl /^« P-jJj ^IJL>»I**iIj A_i»Ulll J iafi-^JLl ^.-rtU'll ^>-j m^J 

«JI_jj t_Apf J jf «_-*• J^jU- jj«jj <5LiJl J i^f ^Vl v-jpi tJ^lall ,y i jJIp ^^xj 
kJUw Jl jjj*JJ i5j*v=» pe-JUt* j>« oUjLwi JjLj i±L!i 3^1 d>^ • < - J "y &j-k ijJiil 

jjjj *iK 01 . i£*\j*\ v*'>" ii*J ■ A> "'j ^' *J ap^s* a*)Lj«- olJs-j JjI^j j&y ij&s 
r-iUJI Ails' ^ Lc JiS'f ajUjI PROM Jilij jiy <iiS aI^L^j ^ aJU»^ L>L~*- ol -b-j 

. Ajj-lJI 
• i, y ,i> Aj^J {j» A JI . J ./1; JJj^ '-7**l>f ■ 3 J>* l$J**0 p-'f** '*^" > >^ (J**i 
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p-r-^ t-)f uj»- til J*«i"j ijf v£ i>" Power-Up jLxJl ^>y ***■"" t** *^* 
1^, iLjcuJ.1 ojJiiJJ i^LiVl *~*Lsil dL*£)l .ijijz* i»jkuil if«.LiJI oL*5Cl| 

. jl^Jl olijt ( f ) 

jj J.I «^o_U^« «JL* ic«JjJl p-*ljj» jjl» . c-i^Jl (-—?- dilik^ S^JjCU C-Jjj p-*l_^» 

.JJJI JJuisJl J diiJSj fUojVl oUU ^l*. oJji 

j^jJc^aJI £-JL»M Je**" 1 - 1 *! •V - '**" oL*SX JsixJljt ,_,* Jaw-ltU iJliJl ii^ai\ • 
iiliSCIIj CjIj/JI *s-j~» Ji-* jj^*il ij~.Lill oL*S3l J* J_j-^i-i ,jS^ cJjJl ^^*J 

lUL*S0I oJL* JLjC^L I JLiu JtSf jjjA olla-kii f I J&a»*l jSCc . oLyJl ,j<j iiLilj 

■_- I ..-■•» ■ j^Jl oULJI J*jC~J jf L,iSU-i aJ^ •j^**i kjj-* **>^o.l Cols' lij . ijM.LiJl 
.^Ull ^J- ^ ji\ oLLJl £-. IfojUy ^L-Vl j\ JbUl J.LVI *b*f IfcU 

oUSX jixll J-lLidl J] J>xXj ^ jltJl olijf i*«^j ^^will gJUil fju . JIuVl 

J,- -"*l i*~^ J| Jj>^j d)f viJUi Jbu j^Jtl ,y . *J\S «L-<Li CjL*S jjS ULU- i^LaJl 

oL*£) iJl oL»L» J| i>-U-l LiXy I Jb» Mmj> jj^l t-Jlj** JiJ-l *j*J . Ji*Vl j^J jlJUl 

. aSLjsJI c~iix) J^tVl (jwoJL Sj*iL* «_»-~j a1j;,,.i ijvJbj i)^U> -v^-jJ V . 4pyw> JL~«Li 

aS^ oUakiuC i-»jl^ «lj?-j (U^fr t<>SUil ^ . "ULl-Vl oUil JUxl^l t_^ 
^JL^l^o i JliLl (Uw> (Jjti . 0%^> OljM JUjCUuL) 4jjk*fii\ oU-Lxil (J l^al J^kIwkIj SJbJU>- 

Of jJU OlS lij . *J»liJl i2ku *bf jf ^Ul iS^llI ^^-jSjj Ua>- Uola^ ^ywall «JUll 

f LVl *Uf jf jlfdl oli »bJt itjli* oVU- J J^U-I *libU <~sh. C&J- y> »bVl IJU 

sJLa m_«^J . JLoT JjLp JaJaJ£ JJ ( »->-^j «^^ Ul -V^r' ijjki^JI IJL* JUjCLjI J,.^i 

. ^JjImII jUs^-Ij iij^si* iSv-iJl o^L* 0_jSo (j1j>- 4j2*2>- oUyl (J clklofe jLs>-Lj -LUjJI 
IjsjS L«j L_..llati ^Jl jl UjLuil j-Lcdl y dj£j (jJl oLiiJl jL^-l j&c <. iJLJi ^ U J!>U«j 
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jf <yi S/Jb i J^UJI {Sj*~» £-"■*» J* SLSJLI jjjll iJlj.. oLylk- 0*^1 C^-w»f 

p£>dU ijy ^ iJ-^ 1 '■Jjjk J ^y>i\ i5j~j; *^xU aJU^J.1 cJL&i\ .S-jjjjVl 

(£/W> p^l** JUjC^iM oUbJlj ij~«L/Vl Lljll j_}_J.I iilyi Oljb-j iliaf 7*-J>y 

" t * * If 

. w_JJa.ll u«> £<h**a4 *s\ij JUjcuoI 



MicroprocessorControlled Spark Ignition System 

(Jjf GeneralMotors -j* f^ill Delco-Remy JI^Vl J,| cJLA»f 1 1 9 7 6 iu* J 

ilju^ oLJLLI r>*j" t i.jJiuJU 1 _JaJaidl *~- _Jl (11-6) JSCjsJI J _^Jaj .Oldsmobile 

. Jj^JI lj\f **rjij ij**-^ *zJ. 'j&b jij-xM Jv* 



jijjJI Jiyi aj** ^ 



fj£»ai 



WW jlji | 



'&***- 




tijlti 



t-ft" 



^ •J> I J»- *fJ» u-# 

G.M. J *Jb~~> «ijli£ Kjl. 






(11-6) J5CJJI 
Delco-Remy ^UiJ j* Jjl^l c-ijl fUai 

ijJI olyliJi Olj^Vl 0Url>>-Vl J^jcu-j .fjjll jj* Spark Plugs ijlyJl ^iy 
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. (jjJUV^. *Ua* «d) JS^iJl Ja^j J ^ ^ JUl DIP jA cJJaJl ^-^^ «JUI 

, RockwellJ J "ill |V~JUI ikJjj jjJ»sil IJU> i^U- ^ly^V c£yw» pJl*» *-w 

CwJydl iJL^ ikjui <LjL»>- olJL>-j >^>"jj J . *>■>• Jj-^ ■!»£ <J ioJaiil (-iSLlij «jj 

iwuLS oL*S3 ii^j^ k-jjPjll c-Jjill iJl^ Jjl^ /«-i*all ijji . (jwli jL^-V lf>-Uil 
. Ul Jisll JjJbLl III cJij^ U-i^i Delco-Remy's Misar* aUsJ /.ai^uu . ip_jjx» i^-jU- 
,y ^j^jf J^ Jiljj" oLk** k_jjif Jjl-bLl J 0*-lyS .ROM sySli J i^j Jjl-b- jjj£ 

rtJo . aJsu-jJI *-a!I i_jLj>~ 4-1«j<J JLJjill <U13j J^.k.1,...." . >>UajJi L^~~2j (ill ij>-jliL| i_ij JiJl 

(^jJtsdJI pJUil jjjj . <_£jU«yl ^jivaJl pJL*ll ,U»-ta ival>- oUJUj ik~*l«j jUjJI jUJl 

. a_^iL« (JjLc JjL^y lIU J5j Sj^iLa 7^j>~\j JL>-i] J?»iii«j 







(12-6) JSCiJI 
(Misar) pkdl 

«/ l»-^y w^Vl Sj«ll • f UiiJI l-U Ujll j, jo*! L^^SOf General Motors cJlkJ 
Ijj+a, j^- jljto-l c-Jjiil yjj (t i^dl ^ ^ .i.jjuil oljUJl JJ& viLl % 
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lfi»J» iljll Olj^vaiLl jf |W>JUI <*Jky T^JaJl jjill 4j fjLj jf ,_£ ^jJl cJjJl (ft-jlill 

I-i^j Jj-/» jl^l ^aj (kJJ^j 20»j «i>-U>-i» "%>) iSjMut ji- oUL cJL>of IjJ . OjjJlj 
^2j iJ^w ^ i^j\ji\ cjIjLJI ut ^Ijal J* . SJUJb- oLJU; JL>-^ <£Lcj tkU i_j^>o 

i.*^Ul jva^ «Uil villi -j* ^i • v-Jjilall Q-JaJl ilij fJi^uj U? i^LJ-L iwLaJl 

i(UJjlJI ^.Vl bj JaiUi! vrij^JI V^JI) JtSl_>f LJjJVl oI^jj oL*& ^xX\j 

\->[ . iw.jJi i^jjUJi ji. iojuz. (^^f ijiiitj ^ji-^Ji pJUii Jjj dUi (Ji yu*»j 

JjwLO iUL-j lf*l.&£«ii -_/>UJ J>-V cJj j *iJJj^> iJL*^ *£*-i" i-illlij Cs^waf 

oUL**i ^1 £-JaJI cJj Ji. vs*^ 1 «-«JU»jJl J-*** .i$>*aJl p-Jl**D p-^1 
tJLpf LJ[ jjia i)\ ^y^> gJUc ssj jll sjfr^ll ^S>:„:, ilUJU . *k~Jl J,jJ-I jl* 

oL-S">Jl -yi ^f *&£ IjJi i5>-<*Jl pJ^ 1 ^02* V aJU-I oJL* J . I^dST ii^lk. OjSJ d)f 
^ iiJ jJl r-l _^iVl Oljif (!)f ki«>-j i**}Ul iiU^l t#* <tl— *» if>»^> . iXJt£** j^^^l 
^^a**^ .*Li U -uij j>-l Jli» Jl J& U*i .^--i) (H-* J^l* l-ifi i*»tAll ^iJLiu^l 



Copier Controller ia^QJI ilVI ^Li 

..j^U- ^ AiwLJl iJ^II iuUii .Uwilj -uLidl loi j-^JI 0^„ Of <-aft . J.LJI 

1<J1 jkj ^ (I ^Jl |^ vJiltj «U*J •j£Jtl ■>. ^-.Ul iJVl JwU iJU ^ 

*l Ji^u-I -jSU-i Jamming Jjjil ^UajCwl <i»jJb- Ji« ,Jdoj *ljf »_j-* «i>-i4 IcV" ■ \*>}->* 

(jjjJl *Ua<CL-l iiSljL« JjL l^»|Jii*l>-l J/Xc ^Jl ij*SC>»i!l <jjLJ-I olJb-jJI -jj i JLP 
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(A^}»:,J Jif) SjjJai* ktt-^Aj (J-^itj _£^f £7*^) pf^' *' i f O**"^ V^*^l i_iJU»jJl 
idju k^j Jp oLa^xill tfj£ d)f t|^<aJl p-JLxil «.,.Ja.-».j tJ S\ i>-jj J| Aj^U^VI 







(15.6) JSLJJI 
b* ^ULl .Lslfl j»^-J jJI SJboJLl jtUl J oVUxu-Vl Jb-f . jJaJ JS J (o^dl 

The Impact Of Personal Computers ^VMI uuuil-$aJI >jU 

*lj*-bU XL.IS3I o^'Ul Ujx i,U ojk, ^ J^-y ^ a,Ul Jj^iJl J Uj 
liPjJall Sy'ljJl CJ Jj ^-^ill oUU o>jj- 13.1 . Jf- ^^^ olLLUIj olyfll 
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UkJl oV( (^ £-*»! .0^1 aJ- oo>j ^Jl Ijuui JtfVl (oljjVljI) ^WVI ^ 

JLjC VI JL>-_j j»..<h"i»j . oJJLjCU (3jJaj i_J)«*U-| AbjiIwj 01 (j^S • U^jiJ hjk^ai\ 

ijil».c^o,U /jSvX . L*j-p) <L-.UJ.lj oUiil rt- . Ja. v J Uj^fjjjj oLjkdl Ijj<-»£ Cs? Oj^IIj 

•jj j^ll (JlS - Uj . i-jJi 1 I^u-aJj *^ V 1 ^ itLo J& L»jjt_^j jf Uji-j of ijij^-^" 

julxll . <L«J »jLxpIj t*Jjajjl jt^iljipli tjodswJl i_jj~*U-l (J| JJLij t_>a>«jl as (jOLtJtiuJLI 

tl^^-Jt JL1P i—^jjl <Lit«Jl CJ15 . 1JU>- i*4» ?r,. ■■ /» ;..» SJUJbLl <3j->Jl "^ cP^***"^' 

. oljVj-llI j-» oh* *_*aj iadi «_il5o ,jJI Peripherals oLk^JLI 

t( ««a^VI ^p . SJ0a>- V-L» p-iLc aJji SJUJJLI ,3j^J| bJA (jiJl /«-;lsi)l jb«l 
Vs-l^l J**- {&& IBM ^^b **+• v-LS gjli PC AT JiUlj PC JitJI £~*»f 
PC J «— S'jJ cJ%^j 8 j JbJi r-l_JV g-«-,.o o^v>j 8 _. J5U y» PC JiUl . i^ai^JtJl 
PC AT JiUl .(A/J-Vl iu*-JLI oUSUlj iijiil Compaq ^« jjSJ j dUaSj XT j 

8028 6 SJb^JI Jt* j^jJ jA iUoj 1 6 i*~j *ij*-0 oU-Uf Sjf»«il *-_*-«-ljJ-t J J^jcuJ.1 
rfs ^Jl JU»J 1 6 4*-j JLpOC j-ljf JJ»i jV . flL»j 1 6 tfflj PC JiUl dlJul ^» jJl 

(ji^-jjAji ^ js a^f . c-jj-u-i ji s ju ■«>- v-i'Uij 4»u*y j*tJi ^-« •pv* Jvjj" of 

ojS'lij j-jJU» oLSLUij oLla-tf- C~»J» t»JJUl» «JUawj i«*»lj lij-* o!)\pl ■jjjjS'Jll 

JpU* *Lul ,y. i-Ai^tJl <-^«.ljJ-l ja* Siljj ^« oias- ^Jl t5j>-Vl a^^II 5y.UiJI 
w^Jl oLxSllii ^jlfc OJ* toLfl^JL l^aicU OjUJ.1 Jl iiLviVL .i*-lj oLfl^ 
j IBM ol5yiJ yiiiJlj ^% JUpVI ^1^ .y i*U "SH? OVI J-ji t B.Dalton Ji. 

>C 5^VI (-^-.IjJ-lj Commodore j Apple 

\jgS ba* Ljjl. oa^jf aii .{#> ^ii\ jaJ-l J* oLf IjJl Jj- jwb 0U «^Ja^ 

j Lotus j Microsoft £i)L*iJl *V)a ,>• .iilUp 5a* ^a/ j LS «>^Jl i-j^U-I 
cJb, 5ij>-j- Oi^oull Oif^ ,^»>JI cJlj !A» ^Ji ^ -Borland j Ashton-Tate 
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Summary <L^lll! 

c^s-j .i^aidll oliJdlj iS%fJV\ ybrf^l i}i>-% SjotuJI UiiVlj vr-ljJ- 1 
j ^jA ****al ^f J JJU^ill .4k-«i il*p ^ li. goli iiL^Lj Sj-i~« ijj^ai oUJ* 

. ,yliJlj *-jUI uiL*i}\ J Lf^Ui- ^Jl OlaJaJI Jyb- ifjy <_«Jjj 



Exercices jjjUj 

?i_jj«-U-I jiUim JJ ^ Sljf *jji>,./ill oU-Ull cJU*i-il lili : 1 _ 6 

i}i>y\ oUJaJ J iJL*iJ.I t5>saJI g-JUil s^-V i-^Jl ^l^-l y* U : 2 _ 6 

?S»-yll *JiiVl j^» U : 3 _ 6 

^l O^U-I <_iv» ?i_4PUall (iywaJl «JU11 idijf oU~-j ob— *- ^ U : 4_6 

uL-sJD J.»*:J>I i^jiwaJl g-ll^l fU»* On "Wj^' *s*^ t£«£r" <3j*" _>-* ^ : 5 _ 6 

T^li^JI ,vS^U J...o„ll >% i.U ^l>V 



6_6 
7_6 
8_6 
9_6 



. Ofcv»>iJ Feedback txsj.\ *j jjdl iiJU- ^ iJoAl r-^il 

? Resonableness Testing aJj*A\ J~*-\ j* U 

^Software ~**g-\j> V* 1 ff Hardware i^o <£& y> g-*jA.\ jr-*iyd! Of J* 

JL^jjj Successive Approximations z^jbdl t-oyixJI iuiJ Oy JjyiJl rj-il 
L*ij Ji JJUJI Jj^ J 4, U . i ». - » J ,l Dual-Scope rj*£\ jlo^J^I *-***£ 

. Analog-To-Digital 

^Jl jS\iJ\ i_iv* .iji, qjJ Jp v!^^ Oirf <J-M (4-6) JS^I (j^JI : 10_6 
oUjSCLl jJL* Of jS'J') . *iJ>^\ t3>-JJ <L^>- i^U*- I JL* (Ills' lij J*jcu-i^ 

. (iilSCll ^^iis^j ,_•£] JJL2J Of tj-afr 
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fj~4> , l£±j»l\ oljL-Jl i_JLpI J j^i/l ij?-_^l j**>^l J j>>*1 £»-U-l ??-»j^\ iU-iJI c*Jjj 
■v, _/ijJ <ll*i (jP 7y~t3 >—ii&J> t-'f? 4Jj . j^/Lill ujLuJI tLoiul tjjjjaj jJu*ci\ J trf. 
, Will *jU»x«.Ij jUJl jlji-lj iLaU cj\x~~J- ^/> *S_yiJ\ I^vc-Jb" jJl tSj>-Vl Liljll . iS'j-UI 

tp-f-Jl lii jj^il jL^-^/l tUof 4-jf ,_y* t(,*-wall jJaJ i^»-j yt) LUJI «iA 4«^J.I SjJ.1 

•jP s*J£j . uJj^fkil i_JL*V WUiJ *j*Ij J-***' ( ^*s*jj ***■ f? 1 -^ Lc ilr~ J ^'-! ? t - 4 ^j^' j^-"^ 
cj»lkJl IJLA General Motors *la*Lu«l &j> .«i>jJbdl ^Ukllj olsjj»«il J j^ tSJUi 
(13_6) J5w!l (j jJ-j . i^-Liv* 5j^s*-i oUj j^JVlj oljLJl t _ J *waa ^ JUAjJI ^c-xJI 

• cSj^-jI tSjJtsflJI «Jl*<JJ <ij$£- ~ojy& 




(13_6) JSLiJl 
(Rockwell) ^jUslI tiywJl gJWl 



Of ^ . V 1 ^)" ^M <y iJuJ ^bW J ~*iS*& oUrUll J»*i-J Of =j£* 
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a") o*J*^ O* VsOy u*ih^ Js*-^ i>' LJI f ^ t^JJ ^1 L -*J^ i VIA J**s*-j 
. ioL^pVl ^ AiS"ULt »Jjjfc v'j^J (cs*M **j-Jl o - ^" (il *s**J\ ^1— Jl 



50/60 
-IjjSO 



l-CHIP 

If- 



■^- 



"« 7«- 



m 






-v- 



(r-l-ii. 28) 



w 



*""l JJUIi^rVj^L.,^ 



^ IQOOOI 



O^Ltfj 






(14-6) J£jJI 

<4ja*o oli-UjC Sijj* t5j^i S-JJ**» iXjl5w» 5^>-l if Ji» oljL-Jl (!) all c* 

.^j^ iutJl v>Ls*Jl jUiVl oJl^Li Xs-^1.1 



JajLs^ 



Micro Wave Oven Controller *5j3 Jl £iy/l u> ^jLu» 

. i#*«^l yL^II S^-Vl oUiu Jp %JbJl JUjJdl 4 JL* J ySj*. 



Im&~I ^Jl pSUiiJ iLw LiL^. olJ^ (14_6 jSLtJl J oJ.1) aJJI ^Vl Oy 
.pi^Jl ukl i£r iilS Jit ,^wJl gbi^l jw* .dUSL. j^JI j*j J LjuJU; 

•yf cv«u ^j* i£ .8051 ju iiiyi au, j* Ux, ^^ v^ 1 *-: r^ 1 J^ 

-u-i gJUl ^ t *ii\J[ aiij Jp Liju ^yi^ ^JU, JUjCU-I JU* JL-Jjl iilS3l OjSi 

o^ii . v yMi mjl^i «uji tsj^x stt-i j& J, tC Jtai i^j ^uji j^y 

2 8 Jl ^ylill id* £-~.ji oVU-l ,>*, j .iyui- j^jli. i^L Sajj* Jill IJLa j 
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Ji* Analog Multiplexer JJlc oljJ r-jJi* JUxl-I <sj%~*j oLw- ^ U : 1 1 _ 6 

?<9_6) J5CJJ1 JoUl 

j_£jJi j OiJ- 1 ^-JjJ-i J jjjii v^'y j^f J 7T*y J 5 " ^y*j rp' : 1 2 — 6 

.(10.6) 
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hM**jr 




Objective Jjfll 

i^-s^Ji 4-Ji oLa ,y ^ *s^j^ »ifrf ^r* iSj*** g^ 1 ** i*j^* ^j 1 o**^ 

t k- ; ; .oLfljJlj Aj^l iltt J^Lj •Ji-Ar *-yk> (I' f A * J lc J l' s ^Ji ••^As^A* 
iJU- j* «-»jj Uuf <5vJ> li~^ l*bf _^jjj j i. * .■ /»'! I iyjMI olij^ll JU^^-I ti»b ajjvaJ 

Jif ills' g-zjj i^JI olyS3il ^ I^S" Jte Of iLjUl oLfl^Jl oUfcJ ^4 .oly&l 
oLfljJl J l^'ji* lJU2*o ijLapl »j>*ay Uajf oUfcll oi* Ji* £_£> W** 1 -^-ykuiJ 

.Jif iu^j 

pJUil oLt^lal* i— &Jjl] oUj£M jijjj ij-slP' oUidl J^aiJl li* J ty»^ 
oUaJ i~S>JI V^ 1 flJ»-S~l J* J-aiJl IJL* jSji .505*11 iolJI iJljk-Vl <-iJjI Jl 

Of ^s SJLjlJI oLfljJl oL.Ij»jl-1 Of «Jf>-Vl J-jc~. ^b ^SUa Of ^ .<-*J>dl 
■y JO jl tg^sJl jJUll t-iJjj oLi2j (Sybex) Jl £_^jj Of ^jUJi Jp . f^b J.wO»i 

. (e-aLS (£j**p p-Jl** i*J*jf /«— • I J*i5ju ^f »}f>-f jlj*^«lj <— a!jX~i J^oaJI I JL* (J 

JOu -_,p iJlSCJIj Led Display oU<x«IjJIj ^yJlj ^llU* <>-jJ Sj^>-Vl oJU •j*-*atf 

t£>N<*Jl gJUl <_%u jkJI ^jn-,,:, ^JU jtf . iSLSJL ^yJl l^fj iJLiJl aijk-Vtj 

IEEE 583 (Camac)jf EEE 488 Js, i-V W J*^ 1 ' i^.« (^-f .*-i*Ull 

.Macintosh JiLJIj PC JiUlj S-100 JiUlj 
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Keyboard ^-jjIMI &*->! 

■ **w jf- c^"^ 11 ^j ^j-j 11 cy 1 ^ 1 ^ : e^ 1 ^^ ou ^ -^ 

aii j« .W i^oJI ^bill Jjli U Jl Ul ASCII j^j o^yli ^juii <^J ji 

0£pU*l usd-y ^M v£ ^^ • ^f *-*y »jLil SaUJl J jjjS . <LL2j ^JUI j^Jl 
■ (Ji U» *»>*=>•) £*U. So* Rollover Jstljc -^ ili^Jlj Debounce a\JiSj^\ l>, 

Encoded i^-jU ^jUII i*-ji y> Ujld\ J J^c^. jl^ J^J of uf ^i\ & 
U\J>)\ olySlljf oUI^JL UjUJl ^^ jj| oLUJl ^jf j^b" l^f c-bU 
iy-yll aW£JI ^JUII ^ j,^ ^ailjll oLJjj^J^I iiK) l>Jj dJUi ^j .^y-Vl 

. oU J aill o&*l> jy#< U^*p LLUjcu-li . -j^iil iJU 

64 ^-jjLill i>-_p -j*vaS j^ ^[ t » •**« l^^^i] -tjjLill i^J tij& L.JUP U-- T _ 2 

. (Alpha Numeric ioJ* _ i ji>J iLlS" «^;U, a^-jJ) Jtff jf U-bi. 
Jitf JiVl J^l ^» fc^U ^ £*-Ull 4*-^ 0j& Of J^Jll ja US i^M y> 
ayup ,y iil> Matrix iiut** iL>lw JJS ^i . iyujl oUL-UJU JL^U pj| ji^Ll 
i^Jl Of a*j~j iSjr" • &^j&> »<£* J 5 " <> Jj-^J-I o 5 ^ Columns SJU^fj Rows 

.~*}y* lX»y>* tO'i/l ^ iLjJl oJbjJL| 

jjp £-!U. ap-^J Jj ^Jllil tJJjiU iLjcJJ oLJdl j^iJl IJLa J { y>^k^ 

■ i - x i- Xs r <-iJy (>'lij JLuc-L Jv*«i Of Uif -_/>lc oLiJl .Ia t^JLif 

: i_iJyJI iku^ljj oU^a /*-;_}f J j-sA>- »»-3£ 

. ?-LuLl jjji _ 1 

.JjUllj^l jJjJ _ 2 

.jlJUj^l _ 3 

.JstlJUll Jill.i|iyi _ 4 
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Key Identification ^m,\ jamj 

•n_>~»)) iJLLfcJl iijjkll t «''>AJ . J**-^ t^JJl ^llill J^ o-'J Ol^~»»L^>T Oluidj J.«. « . *» J 
Line J~ -H ^ISUil ijiii i»jj*il iilJb- >^Vl Si^kll .Row-Scanning «uy,.,all 
. <_i jA*aJl 7t-~« Jl ^JaJlj fju«- . PIO JiU olySCll SkJjj i^or UojI ^y. Reversal 

Row Scanning ciyiyall «_«^ 

. 4x4 ^jlLio is-jJLl 1-iji^a.ll «_«*• J aXa-^AI *-<jVl oljJai-l (1-7) JldJl Ow 

io^a . y-biil J|Jl* i_iiS" iwJj *^-~ > - t -bewail y-bill jJ» ij-^f ?-lii« *— >jJI j ij\*^ 

. iL*j JjV jJLj \ c S' ik~o C~~J Jg j . V .siitll 9-liiil uLl5T 




(1.7) JSJJl 
Ja>- J£J ( 1 ) i^iJl L^il lil . t5>nJl gJUll Uy Jp 1111 i*JLll ^*J tuo 
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Lu .(1-7 J&Jl J 0^ Ic^) 010 ° ts* J^ 1 J* S*jyil is^LJI i«JiJl p-wari Jj** 

f.yJS .7-1^1 JSiJl j-. 4JU<»U-lj 2 jj^jJI «_. L^^sL^-jxJ IjJaJ (1) t-i^l J (1) -uJill 

^J) CjI^Lj 4*j*Jf ia5» J^r-j ■*-« . JaJtJ j^iJl Jj*p ,^f Ij^ji V i*jl*il oJLA O^i JaJ-l 
. oVl Jjv^lt jJ" v-is<» l£'J' ■'J*' 1 t£' -k-I^J o-Li'f ^ijJ" ^l»* u-"^ (^TJ^J y* 1 '" 5 

pc_^i ^ i>iixJI oJLa ^U Jlill IJLa J t_>jii./ill ^ Vjb SJU^I ULxi^l j)j jjs- 

. t_i*As<aJI 

»-Lull j-^ iJyuaJI «-*~« L^j /»Ji>vU«j jJl JLi^ll ^ VlS* (2 _ 7) J5CJJI U Olrf 

iJLiU-l i-jll*»Vl . rt-^^l J "USjii-l L-iUaiVb *^i 1 «_;wsijXJl J>-f j^ .)ajuj> ^JUl 



cr 



u. 



*»-«e/ 



^'jtj* 






rr 



/ 



/ 



/ 



/ 



/ 



z 



/ 



o o| 

rr 1 



/ 



/ 



/ 



4+. 



/ 



/ 



-JyiuiU 



■®' 





1 | 








' 


' 


■ 


1 








/ 




























1 


® 




3 



>£M 



■U* *>-^J 



4x+i 



J" 6 * 


1 1 




1 







' 




' ' 


1 






/ 


■ 


























9 


© 


2 


3 





< 


1 1 








1 


' 


' 


• ' 


1 






/ 




























1 


® 


1 


3 



(2.7) JS^Jt 
.-bill jj^J tJ^aJl £-~« J*»^*j 

A j>il J .(2-7) J£JtU A, B, C, D p|>rVl J SjAJl Ua ol>* £_•!=- 

^ jjp >*> j^i of ^ .iooo i^aJi uo^ ji*> i^Jl J (i) x^aJi £>; 

OU B j>D *,.li* ijj^jj .0000 gJLJl JUaVl OjS^i iujVl kJj**ll p ^ £* 
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.0000 ijti oyi JUiVl 

Jjvy 2 jj**Jl Of >JU" .0010 gZSs 2 ^»JI J (1) hJd\ £>«J C JJ^ 1 J 
l _i v aJ| Ji 2 ijAjJl ,>•(!) «*^l J2^ • li* J**-^ J* r|^' Of f '■> I* 1 1 j»ij i-ivoJl «_^ 
Ujl. jLSs 1 00j 00 1 J- J>-l aJlj g-jUH JjfS^Jj <^HJU .0100 JL*oVl Ja~ Lr ( 1 ) 




(3.7) JSCiJl 



-jI^JI jjJJI j>- ~....ll j*L«j d)f t^jfi iJJUJLJ . iJU-l «JL* -_^ <_i£S3l !»_»£ . Jb-lj cJj 
J& ^1 ^>-j .Jill IJL* J (D jj^JJI) 3 ij^S\ J (tV")" ^ (1) **s*JI OjSo ^i~*~ 
J ^f .<-i^./7.ll «_^« <JL*p ^^Jj 0000 ,y> ^LJI JUoVI i*J»i Jill IJLa ^ J>-lJJ 

. 7-Ui^ J!>UjI i-i^ t So 

0010 _ 0100 Jj^ iLJli. J .r-liill JjUj ^JJI j-jJI JUy ,y> cS>-Vl i**ll 
CjUJKjj . ROM JjJUj- JL«I JUjC^iL *1j4~» > lA» Jso^J . ot^L^j 4 -j^ i_w>L« _^j JJ 
jjjixll d^olill 49-j) jjAjD JjJ^ oL_ji*i ijyjy 00 10 _ 0100 0*)L^jJl /»jA t^j^f 

. Ot>U>J 4 ix«j t^w»Lll J*pl jl^j ojSl JJI J 

JLo^J jJLjo Js- Jawfj ub-lj ?-bi« ^^1 JtAJul i-jLiS" Xfi> (^1 i Jj*-|jtf J»-lji Ic^" 

iJj Ji IJb-lj U-llio (1)1 ,£•*£ 4-IaA* o^i-« ojLi[ t—iAS' JJ^- SfrlyaJL jlj^l^Vlj oULJl 

iJLij ioLj^f ilS^JLo Lis^i -b-lj jl J (JIP-U/L ^ J5T -kiwaj |jXj>- . JjL»Vl JI Usj 
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Line Reversal ^k*Jl ^l&ul 
kJULI jjj^iJ 5JjJbi-| ijiiJl c»»w>f — U»LiJl t^jljiil *-jJjj »Jb-j _ PIO syry. 

i_iJ«J O^L*j 8 <iwj J-"^ *>*/• l jfiL r ^fi- jj^il ^ ._>a*Jl ^l&iil oJLa ^pJj . 4iSvJ,l 

.^bill j~*J PIO JUjCL.1 (4_7) JSUJI iy. .gjU^jt J^lJtf 



Jl_»-a| « ■Oi 


T l.jj.i.on i 


v L.U.I 1..- : 


' t 


oUL,. 

rj-* 






< 
( 
( 
( 


> l 
) 
) 1 
) 1 







jj- \ i j 






1 1 

1 

1 1 
1 1 

1 

1 
1 




_. 








_ 


























„' 






£ ' 








4 ,. , ^ 


f 


^ 










!_. . 










no 


(+-7) j 


f 


i-JU* O-jJ 


PIO 


T T T T 






© 


-»"J 






© 





(4.7) JSLiJI 
PIO eJLLi. >JI .j-ISUJI 



: OU^ 1 ! is** 1 " J*^ 

-U-aJl .PIO tv Jp oooo i^ill ^ ^ . J-sAl-u^ s-up^jU ^jVl o^WjJI 

ji^Jlj cJ^JI II* J oL*M v 1 ^ 1 J*"*- 7 - 1011 c** J^V •** S * £UJI 
.^jVb a^l J-^o illUy c bl. JmJ «ti ^ ^Si\ ei.JI gjyi Jl JiUll 



_ 2 
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jj 00001111 oUUi >\£\ j>*J iJjVi i»-aJi cJir Liv»Vi Jl jU-'ili -^ 

eUl J**- ^L£}» : ^ .lijii i*JUi IJL* jUJj -_/xc .111 10000 J| O^l o^Ju 

iVl JUiVl £-v»f 4(4-7) J£ill J cSy le 5 " ••^1 J^ VV 1 ^l *>" (M 
i**iJl j'Vl C-*w»f . f-biil JsJu* V t5j>- t5-ill t-isoJl J* jisiJl i«J OJb-l^ .1011 
^UJI jJj (j-liil! &*X\ y^> J* Jic ^i~-) 10111011 ^» oUUl J».J iU£JI 
SjSli J J^-^T <il Jv** °^^ o!)U>j 8 j j^»jJl II* ^ji^aJl g-JLJ.1 ^J^U-j . Jj**Jlj 
Jl 5>iaJ ijlitfl <^f f^-jj . p^JLill 49-^ Jjli (jJUl o^»j 8 _. j*Jl tfjA jJl ROM 

.oUUl J>~- J} 0000 g\jt.[ 

. JJjJl J**— < (J OliLJI ,l»«~» «*-lj3 

.^-^ill JUoVl JjJb- «*l^i 
4JLjl» ,v o*U£ _A^f jj^a <-^Ij CjUJUj («-jji Ja2i t Jul* °jj-/i; t <2j Ja)l oJLa v_JUiS 

*Jij J PIO ^ <liL*f 8 J 0l&« jU~[ ^jirrj ^ J*~i\ ^-ISUil iaSl t^jL^ ^ 
. o!>U>J,l JL»jCo.I J~siiJ j£Jil jyj t Jj!-i« jjp JJ-I IJL* Ji» 0^ Lcj . «^JUll *>-jJ 

. JjLI IJL* J*xi™J dtJ 8 Ojijj lij tJl_^-Vl JS Jj 

The Debouncing Problem jIjjjVI *1SuU 

^ySJiJ-l Contact ,j~/W1 JbUJl i±j JUf i^JlSLy^ olJj£« ,>»■**-! ^r-"^ i/ J 
Jjf ^J 0j{ *^^ d- 4 20 J| 10 SiU ^jsilj .iiJti J^ !*A* ^ oIjIjiaI !j» JOu ULc 
J5wJl ft-s^jj . j-l^il j_^ JUp aASwII ( _ r il tL«J^ . ,^^1 jl^^iu-l -j-ojj 7-ls«ll Jai-v* 
^jjjJl JJ-I . Trailing-Edge br£\ Jjij Leading-Edge i>-^.\ !+&■ oblJUijI (5_7) 
L^LxpI djli-l oJLa J.«ji:...,i . (o^JUj ojlLa) RC 7*-5>j* JUjC»«Ij _^a iiSCjJ.1 oJLL jk»««JI 

. «_JUil /^< I Jl^ IjJLp /j ..A"" 1(^-9- 
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iJtt J* n *Uw;l a*. iJli ~<>j* r^' tiW~t o* >, * > . '^^ "^ V?W J^' p^" 
;L£i tJUJl J J.0. O .J . (aJLjclJlI «yULl is-p ij*jj »_>»,■>■ <, n = 20 J} 5 «i~s-) (ms) 

. ^liJl J-Aill j *»>v9^» _^>-tx)l olja . i^f Ijj .^fr «jj-» 



1 


g-b&l J»U-^jI i^d 






1 
1 

1 






■ 






ft/l 


ATI 












I 


irjll 

. c tai 





(5_7) JS^JI 



Complex Keyboards ojaaXI £-j31MI ol^jJ 

J* o%^j 4 i»u«j tij* J-s«»jj J>-f ^ . UbL^j jdl djai\ fJJ&-[> (6_7 J5wJl 
IJLa .iUflj 4x16 i*-o J>-JJ.I Jp Ji^ J**i~j ci~i-,a 16 «-• ^yivall «JUll 

.(6_7) JSLUl J j^y 

















- 


TU-x 


14X4 




MPU 


•* 


1 i-jLd]| jL^-l ^ 

wnanaJI 

4 


i^Jlj — * 















(6.7) JSJJI 
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. «*S^»J «i>-ljlj 7«-sjLif **Jj* 4**tJl iiJL»Jl AjJL>»j^?1 «_jjULI is- J 

«_j^u ttAJJb . j5o: Character jj>- J^iCiJ 4 x 64jf oLLjJI -yi J»Uf aajjI w-JLill 

iifeii O^U^ dJUiSj SJijwj <U>>^ ^fljJ *— 'bj 3 ^•■■ ^"J J J&w ?«-»JUll 4s-J *Jko 
O-jJJ \*?y&>- SJbJbLl i^U-l LSI OlijSCc *l*I*Vl JUill j* f-."^ >^JU-Aj . *JUi| 

• »y»/Ji J*u<»j ^yuii 

JajL^jf jfcJlill *>-jJ tjiJ>J Intel 8279 iJb-j (7_7) JiCiJl Ohi '^^ J^ 

i>-J j Jl alJtfjl jl^rLl Jji .J 1 **^ y»-lJJl ijKjil (8-7) JSLiJl Jvj .isi»lj 
Fifo ) . Fifo 8 x 8 j 1 6 x 8 i*— j i*»;lp RAM S^Sli ■j,< t ,.^:7j . «_iyiv*> r*~~Aj *fc-*Ull 
^l oLiUJJ 4*~awJl jlk^l Wil ^f luyr-jULl Jjf y> ujUIjiJI Jjf _ *UJ jUa^-l ^ 

tf\ p-jUll i>-JJ io^i^. lJ}U»j jV^JL-l |JLa y^j ^ cUja* .(jUkoMl Ap-jJ ,y f-*^ 



l^jfutf ff-N* - i«^«i* 
COLpj 8 -J 



oUUI Jili 



*■>*,. 




>4 iSji-\ 



o"J 



ill* 



(7.7) JSLUI 

JU<a*«5*s« £-ili» S»-jJ i-iJjj iilSj ,«* Intel 8279 



349 



J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



«el_JI SaJ i>U| 0B0 . 7 



uuu» 



a 



RD WR CS C/D 



s 



1CT5 




,*J>.la)l oUUl JiU 



i 



JttUlk pk.Ljll — » RAM^ 



If 



If 



o^iw I A TTxi I L*J o^uL. L.J I Fife 8x8 I-. 
^ ^r ^ l RAM | - 4 ^Ij | — > | ram |p r- 






jijJI O^U-L_ 



*<u ^n 




(8.7) J£dl 
8279 SJb-yj Urf-Ul USUI 



j| OjjIj «_~* jji^J Nec-Upd 364 DD2 Jt* ^yli* i>.jj ^1^ J**^~j of ^jS^? 
Encoder ,t— 'l_0"l II* _£# ilvj 3600 iiwj lS>-\> ROM JLuc^l ?«-JU« 4>-_jJ JJL£j 
<u.j./i; J** of i^ -i~;Vl J»LcVl ,y t^V r-Ui* 90 iUJ cj%pj 10 i^ Ijjoj 
i-^J p-lj U5L*. (9_7) J£J| ^yu 1(r 5Ui!l iJb'lj t-lj^lj »£>dlj 5>-lj^J ioU*! 
^Lt«) {jiiJjCA (jy.ii '../»* /^» (/5jp-Vl ?r_jLill i>-jj oL-ulj j-ij^i . NEC ft-uLill 

. (Rockwell 

-jj Jj , OL^I Jl <Ui2j VajaS- A <■»">»? I 7wjl&4 <ICs<3^ AjtttMUt yS- 7t_jLL» 4>-jJ (JLojCU"l 

. i^»L>- ^jiLpJ l_ iJjj ij^_> tiilJS" J^jCU-J tSjj^&l ft^jlill 



<to- 



oUi>l_jJl ,jJ>_)\f- {$* tJ*~~; H>^1 jU't J*"_v <J^" ^^ 
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».. -^ 



WJ1! 



^^i-lj- 



V . W J V I V « V » V » V I V i V « V M- 

}1BXM»»1IWM]I 



mmu -, 



AfiL. 
EffKXNO 



ijli- 



TT 



n 



J-VlO^iU-jlJ* 



n 



c* 



r 



X 

oliUI 



■till ijili 



a-.jJ0O0 H ijSli 



urn 



I 



>0-» 



jljrf.'JII oliL. J jl» 

in 






DOWN 



m bti wn 

OUlhJtMniH 



\ 



oAo k y&%> 



J 



(9-7) JSLiJl 
NEC £-JUU *p-J ^-Ij 



HoZT 



Led Display dLoaI^JL qojxW 

it , 

olsli i*^ (10_7) JSLiJl Ow .*\jj>\ ii-j ij^ «-^L«Lw ^hj LED of ££ 
iitli A-iv" J^ Aji • *s-l* f l*jl <j*yb /"-**-J' Ifilili ,jj« iib£ oLiiljj o^y • LRD 
(1) ^^Jj A, B, C, D, E, F jL&M ^ >*JI ^^J c&U .G Jl A ,y J^*, 
jLail ti^U LED J* o^L^iJI flijVl ^jP tJ^i •'•J^*j B > c i^ 1 J 1 ^ 1 i£j£ 

. yjiwy of *-_*»£• ,^)l jUll oLiily jl~>-lj LED olijSL* 

BCD j»lkj djIp -»— y t^^J Of >~£ ^1 LED a-U 0j& iSy^M USiiSi Jb-ljS 

***- >y Jl BCD o* r 5 ^ 1 IJL * da* V/ v£ ■ (l^ 1 ^ l . yW V^ 1 r 1 *-)^ 1 ) 

II* Jlf LED *_iJp 11_7 JSCUI Jw) . oUU 7 Jl BCD JJU* JkJjj ROM 
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JU>cu-l ^s . (-ilS - jL'^jxI h?jA j^Jcj £-~Jl jliJI J»jiui ^ Js - jf Jiv^ . (JL>dl 

.oUjSil iJip JJixJ «_*JJ <ljj-jj *i\ij 











A 



o 

6 


«, 5 

*—£ — 

-i — i — 

-. E 

• 









(10_ 7) JXJJ1 
oliii -u~-j LED Ji*3& 

■ju* 4 (jU<»i tj**j J-^ J!^ LED 8 ^ isiulj jU>J o!iUi>j 3 j^ j^j JLax^L 



BCD oUlu J 



J1BCD 



1 



UUII 



JM 



UUJI clfr^ 1 



±li 



o 

u 



T 



o 



^1 jUai : 



o 

u 



J 



£& cr 111 J"- J 1 " 1 - 1 o** 



(11.7) JSJJI 
LED .-aJj! 
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oLfl^l JL--J j£s .cJ^Pryj o"5UL*t itL-j LED ^jJy ^_Jkj tj 1 *^ 

■ **?>•> £-*"^ ^**ljJ **l*J <jLxU»L» i*j*Jl ii\j jj 

. a*, -y o"l£Jl ,y> iL^u ^Ij^b J^l if J* J-^ <J^I l^^ 

TELETYPE INTERFACE jx> ^ <LM iJJjj 

•jcJUtfjj S-b-lj tl-iil iL^j /»*Aiw«J ul ijw»LiiJl JOy ^ 4-jI£JI JUxu^I jjo- jhaJ.1 

.of J>l J-SLidl Of TTY jJUj ,|jt,Vl iUj • 

JUjVl ,y JS>ai PARITY BIT ^LiL, *Uj ^ J>l Js^Lidl iuUJl iL^Jl • 

.dlJii f LaU cjyi l^JLuj l^Jf ^IaV TTY jJU; ^Ji^ll ObJUl dld^Jl • 

JL-j] ijjJj ^Jj iJliJl J ijj>- £j%£LiS 1 JLj jf JOu -y; 4jl£J| J~»_/; 
^JJa; :U^lj jVl OjiC, of «_-£ y»UUI ^jUJl .(JL-jJ sjl>-j) BAUD lio_> 

s^j ^o»Vi oJ-ii dUiJ .Mjisii j u^ o^ls^j i o j^ j^ j^- jsa auy n 

J\2)\ xu)l fll* J) . JL-,1 sa>-j T 10 jf yitli J iUj no ^f 1 1 x io ^ JL-jVl 

. (iJWl J « a>.\j iL*,j = U»lj JL-jl oJL».j dj£ BINARY 

. RS-232 J ^piL» t-iJjJ ^aj ,jp a-JISCJI Vili l yuu jy ,j^A 

&\f Jl JbJl Jipd v-UJl UART -y ^ j& a*, -y JJISJI uiJjJ ^ywtJ 

jLJ **U vLlla ilSt t v^l ^L^l ^J>^ V- 1 * 1 c^=-Al Jiy 2 iJSlj Jly Jl ^jljdlj 
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(15-7) JSLiJI (.JUL .dJUi! JJ*5 0yMr ( 14 - 7 )J C 13 - 7 ) O^KJI Juj .RS-232jf 




(12.7) JSLiJl 
TTY JU jI J-J 




(13-7) JSJJI 
TTY £-. PIO ..iJj! 






jt-e.w 



o 



Jta. JUjJ 



(14-7) jSLiJI 
RS-232 £* PIO ^Jji 
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LSe 




stop •-"y 

I'l'I'N'I'I'I'l ' 1 ' 1 



MSB I 



TTY y. f 5t-l 



. TTY J| JUjI 



(15_7)J*JJI 

THE TRANSMiniNG SEQUENCE JLujVI £jffi 

. ^^Swl^L* f-l^? cA>_P' Ja>j-iJI 6 c5jl* t5L*JJ >A*J J* i*iUaJU 7*-jU* i>-_jJ _ji*i _ 1 
SJUio jLJ *aU- (j,\ ( 1 ) i»}U SjLJj ^^mj ,_^i <k^ _^ m-JULI o-jj ^yiJ UU> _ 2 

C/^vU^j JL?lj Cj^L<»j 8 ^j* <~<u^9 jJj^JtJ »-i^»- _^«j J-" , y t?-lii« h*..^; | c i s s- 3 

^JUl UART Ji (yuo) *Uol iUy Jbu jp iulkJl J-/; ^f .*|JL,Vlj «_A»jJI 

«»jaU- oOL» SjLiJ jJ^j iJLJI Ulji\ oUUl o^U, UART uVl J^-o _ 4 
Ji>Cj cUUi5 . lIJUS jji- J L^JL*^ 4&lj i_iiijj <j?JU«>j Jj?-j jji Ji>^j _^» . pJLitJU 
MSB.? i~» OiltJl J>l JuS^ldl iLoy) .cJU«s-.l lij ^-Utll ^ UART 
= 16x110 ^ UART J *pUI MjJ .(^Ull <Uj ^ «*Jy J*Vl iL^Jln 

. 1.7KHz 

THE RECEIVING SEQUENCE jdiutf I j-jOj 
. <tL*>«i ^jJL^aJl ^JUll *ji 1 IjaI>- r'j^^" J jl* djSi V~»- — 1 
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Jldl. L^L-jij «JiyJlj .lai^ll otiU, J^juj oUUl <J£ ^Lr^Y 1 ^ U cM - 2 

. Jai -jP iolSCJl _J»*j 

USX ifeiJl i^t-Vl ^ J*»l>dJ J,l£JL iJLUil ^UJI UART Ul ^ki viJUJb 

jUJ[ j& . ^Js Jl ^1=11 J^pd UART JL-sJ ^^ ^p rf Lj ^J a JI -^ 
Lflj 80 80 fOic-j .JJjJ (16_7) J^iJl -jy t ^ .oLfljJl *]*^ UJipi .JL* 
.iLULl ^JJlbyU ^hUJ^I Jok^LI (17.7) jSCiJt Ow .UART djJb oJL. 

.^.LJ JiUj UART JU^-l viJUij i4k~u i s J k*)\ gJUil JUjifc* £_. IfiJy a*JLp 
J iV-V RS-232 SO^JI ._A^>u- . o^Lms-jxJI .JL* Ji. J, f> „:.l RS-232 S Jo-j o-Jk juU 

. Jsflill IJL» 



iiii>u> 



oUL 




ik 




nam 
TTY H *L.^lol;Ul 

ITY IX DATA RET 



-AA/V-TH 



(16-7) JiLtJl 
TTYuiJj; 



ADDING A MODEM Ow^JI rjp>« S»U*J 
DEMODULATOR .jw^Jl Jjj*j MODULATOR -^i. y> otwdl ^jay 
J5Ci (Jp <u)l£U vIjLjLu JLjjIj ijyfcsfliJI t?j*j* 7*-«-*""i ■ **/** iilij t5***! ^*' j*J*iJ 
olkk£ (19_7)_j (18_7) DTSVSCJJI ,j^^*i "^*» .<-i"lil Jfe^k*- ^P Ajj>^ obijj" 

. iUjcu** oUvAW»l (Jj IjJ . (RS-232 J~J) ^jlJlrf JLojIj ftA^il (ju7 4-jL-Jl 



356 



J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„l.' 1 1. 1 l .l .lll .'.l., i|. '. II l.l.Tl 



aJUI oliUI 



•X 



1 >lJbl 

aU* I 

1 1 » oiL-yll I 



*T 









o5L.^JI ,>U» 



(10 O^L»jJI OJlA mu) 










iili J* 9 . 1 









uHji 



(17.7) JS^JI 
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.oUUl J.U v_ii.S" =DCD • 

.i^LLj. Da*- =PE • 

. OVERRUN }jU tW =OVRN • 

. CLEAR TO SEND JUj^U j»Lj. =CTS • 

.jU»}l JbJLi Ua>- =FE • 

.i*k-11 oUUl tk>- =RDRE • 

.<L.jll oUUl (L* =TDRE • 



,LU 




w ,-; 


tlul Sjjj 1 


** 


jiuvi jm4| 


V r*" 


tlnsl Jjji 1 


%s 


L£J 


s. r " . 


ll^Sjj, 1 



v^™* 



J& 



(18.7) J£LiS\ 



RS-232 ^.LaJl tijit ^ Jaii o^wdl gjjj* ^>y. (20-7) J&JI J 0^1^ 
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(19.7) JiiJl 







oVj 







oBUI J»>* 



(20_7)JSLUI 
RS-232 £. jywcll gvpy J^jJ 

FLOPPY DISK &JJI ttljMN 

OI/IJJI ja SJb-lj tiji^aJljf OjJwaJI iil^k-Vl If&jijf iUlJI AJljk-Vl j^o 
819K ij^-i^JI SjJu,aJl iljk«.Vl Jo*J .ijyu^Jl ^jJjpJU VUjO-I ^Vl i»^Jl 
iilL. ib^l iveji 5.25 |^k^ fcljkJ JUxu-L iJ^ 1 J ^J 250K J* •*& ^k^ 

.olj 15 Jl 7.5 UjJiyioi* 
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J* J^»j .ilJi ioL j* i*y^» l^lj UljJa-.Vl 0? OjS - ^ «OJLl» ^1 jLil 
OjJL fell Sj^ fyj [^yrj ^ -jc^jt sj^Ij ^ j^ Lj,^ iJtlJ| ^|^Vl 
iPj-u jj-tf Wjk-Vl JLjo-I j* . illSo^l iL*Mi i^U o^U LUb Jak£ £_, r jy^ 
•tfjtiJl ^1 iJ^i, .^-U/^jli ^fj L^U JaLJ ^JUI ci^Jl J j^l J^b <JU 

.(21.7) js^lIi>:i i^gi 

p-S .SECTORS oUlki, TRACKS oljU. Jl aJI^VI > oU^Ldl ,^2; 
CU 5120 ( blp t oljUl ^y .oljL- ^jtfj ai^ ^ oLiU JJ lljk-Vl 
J* ^ J^b J fc^ J? ^ . !jsWl ^ V j^ ijS> o|jL ^ -^ ;jl ^ 

. S.Lji« oltjLw -y <jU 512 ;jL. 

. JUL oU^U JAJ ->x ^| ^J. ,_ — LJLI jUI jr ^ ^| jULl J> LS^ISL. 
•^ bo* ^A£ >r~yu SS\ iljk-Vl Jp oUL fc^ J| ii^Vl W gjj 

. olbf UjjJtII ^Vl oU^il 



OjIS j^j* "~*J* ^-*ij" j^J* 



8.00 in 
(300 mm) 



n- — jj*& 

U _ ill- iJi 



X — ■« i.25in(lWnvn> -fr| 

< < 8.001(1(200 mm) 



(21 _ 7) JSLiil 

km ai>-Vi 
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9 

; 4JUI ol^JajJ-l o«.lji)l *-AZ> 'jo.yi.u 
-til jULl <jji ^J\ £-J>y. J c-»jlUl jLJLI Jl J^jJl _ 1 
.(oU-LLwJl JJOcu JJk) JjVl flkiJl <_i^J _ 2 

fr,.... itfi ,y»j CRC .oUUl Jp (osijjll i^ji>»J' .y^ 1 ) CRC ^^ -M - 4 

iL^ ,-j UjUl oUKIl J^b oUUl J^ISJ u^" ^11 CRC iUS" oy£- . i>~>w 
J %\ Lj-L-s*. CRC •>. JA.JU 4^»L>- ij\i }jZ Of v^r ■ V^ ***** J* 

. iJijkxVi •>« f> - jJi crc a*j ^ *»«sJi lili; ijU. 



y*tf f-Uaill fi-*i>y tjLtJS^ . f-Uai J£ Jp f-UaiJt *lijf ^jl . •uljia-.^H J* J^iJl jjut 

J ^tf ^Li tjye*-! ^.jtifctl oli Sl^k-Vl J .HARD-SECTORED \Jg>- 
ijJl ik-l^ ui>UlkiJl t.ji.t,<j IJ&aj .(-hIs* /^-l»*• J& iLjLall ^-»ijll J *Jl_jJa— Vl 



FLOPPY DISK CONTROLLERS JQoUl liljfau^l LjI^ 
P-& jiy Of v_-^ . eijijt *i\ij <Jp aJJUJI ijljia*-!>U Jajlvi y_jii Lb 1977 iu* X* 
J-y lM Js** i.U.yi.>» tfjXdil i_4JllijJl ^ bjp (aJoIII £l^u-Vl J*;Ui) FDC olJL>-j 
•jp Jl *^-»«Jj iipL/Sw jf ilau^j olpj*j>*je *A&}\j it\jii\j Jjb^xllj CRC jJ^y ^jjls.1* 

«_j#- *?>-JJ . iil_jJa*-bU cj\^ry •■**{ J^l *5^i!lj JaIS' jLi il^Jlj SelyJlj f-lkaJl 
bO^I g-jti fell 1 o»li IBM 3740 ^ ^^i-l v-L-^' oUI>_^.bU FDC olJ^-j 

. iwdll il>-Vl J-J v-Ull SOFT-SECTORED 

t^J cr-fp 1 ^sr 1 \>VJ ltU 1 Ja sr^ J " »>*.3J ^ (il J 1 — o* J"^^ o*J **j^ &^ 
LjjjJ> l^f DMA JU*a-! jjiw . g^jil DMA Ja, jl>f «!sb £j>*£ j^^ill d^Jll 
Jp JaiU Of <jSJ**> g-^Uo ^V -jiCf ^ vi-jP- v-Ull ^^1 oli cJC\JlaJi\ ^-JL 
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A SINGLE-CHIP FDC 5j>« tfIS, J* FDC 

•j^ ^a iijk* iiU, J_p iuUl iJl^k-Vl iuUi FD 1771B oVl ^^i- 

Ji y .FDC IJLL 4JWJI U5J.I (22 _ 7) JSLUl J _,jj .WESTERN DIGITAL 



MPU oliUI Jili Jl 



(DMA)ORO- 
INTRQ- 
WR- 
G>- 
RE- 
$E- 
A0- 
Al ■ 







^i 






■ WG 

■TG43 

-W? 

■WRT 

-TSB5 

-READY 

■ PH1/5TW 
- PH2/DIRC 
-PH3 
-3PH 
- BiN 
-WRT 
>HU) 
-HIT 



(22.7) JS^JI 

Western Digital FD 1771B Sijk^l iajUe 
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iUku jSji -(j^vll j* J*** 11 i£r-s" kj^ J jfi> t^ 1 ) CRC '<&** •yfc - 1 
*ltff i^-^Jll CRC HjHu tSjt- .*>-jULljt XU-toJl oU^l*JJ CRC Ul CRC 
iL>-!)Ui> ,jfijA-$ L)Lf*ljiJl cJul ^J lij . &l ,jJa~«Vl -yi S*jy&l CRC *-» Stl^iJI aJU* 

.oUUI 

^^Jtfjf ijUjjf ijLil (|t— jJl !>• ,>«Jl <-t±-\ J* j-t^) ALU J..«jC>J _ 2 

. ijJUall j»i^JI I»jJa^ ^ Jj}\ ^l^kv-Vl cJjy IwU _ 3 
. itjpaUJU t-^lkll i»iUal! ui-j-Jb- *Jli«£wJ (j^JUl ij^JwJI sjJUll i-ftJjj — 4 
jL» .iyivaJI 7?-Jl*il «-*Jjy iljisu-Vl i-iJjj .kUJ J^li" (23_7) JSliJI J 



-^±!M!Ln 



wj^i 






WE 



mi 



cuqmHt] 



Ja.L» 

»1771 



V„ V M V,., Vo; 



TT 



FDMTA 



fD QOOC 

"JL, 



wo 



BBff 



W 



TIBo 



5BiT/ 



JSW/ 



/sijUJi 



U1UI 

- wjw 



(23-7) JiLiJl 
FDC <OJ ji 
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FDC J*— 

.(22_7) JSLiJl Jpf J jjLi ^Jl FDC J fcJl SJUI oJl o^UJI J, U» 

Jl U^-^J ^1 <5I>-Vl <j, oUUJ o^Uj 8 ^ ^JJI oUUl JJU J*~- _ 1 
^J Jldl oUU I J*w j, o^Uj 8 J>-ju *jji diJi ( _ r 5U iJ . oUUl Jpw 

.JbJl il^k-Vl J* \+s& 

. i^>^«Jl gJUll oUL JJU Jp U£JI_, 5*1^1 U** 

lrs»" a, *ji j*» -( 76 Jl >■" <>•) o-tA 1 ; y* i)l £»I*U ck—i ifiJI jULl J>~- _ 3 
.>*» jULl .UU il^c, ^ j^ilsy 76 jULl oUiL 6j>cj 

£-vA' cM j* ^ *y>JUj o^U>j 8 i*~o ^IjVl J_^j j^yft ^JUl ^.IjVl J>~- _ 5 
.FDC J j»£»dl oLJlSUj J>.|i ol>-l^yi aJL4j*j .i^kil oUL JiU ^ 

iilL" i»l J ^ . oU^Ll JJ ^ ijj^l i^J>^\ oljLil ^ ^ill iuu^l J**- - 6 

. t5>u»JI gJbdl JiU Jp oljLiVl 

THE PROCESSOR INTERFACE gJUl ^iJy 

J^f J-^iij (22_7) j£iJl ^ jLJl if* Jp j^Ji,) gJUll iJjJji J*y& 
i 04 (^1 Jpf J jfe) ^y^\ ^JUJD uv*Ljilj oUUl JiU £_* ( (2 3_ 7) J&tJl 
JjOi-l J oljLiVl j|li; .(J>wJl 0^) RE j (tftf-il jL^I) CS -_£c ^ ^Vl 
•j^) WE,,CS J*iu l^ JUi^fl JjJUi viJUi ^-SUj ,(24_7) JSCJJI J ,^11 

.(U£JI 

RE p2i |^ .FD 1771 iy£. jL^-U CS p£ .A0-A1 J>>4-L i,..„- t ll [jutf 
JSClJl J ^ 1^ otjb^Jl jU>-"V J-wo-Jj Lbfllj u\Jl\ ^Jj JUJl^ WEj 

.(24.7) 

INTRQ aJL* . DMA JJ ^ J~a~Jj koUUI ^JU. gj^i DRO ijUJ :Urfi 

.FDC J>-ta ^ -Ly_ r iJl -^ iiJbai oLiiljS; ji^-j «i«i»Ui* t^JLLs 
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Al AO 


itljill 


iKJI 






1 

1 

1 1 




jL-ll J=i , 









(24-7) J£i)l 



FLOPPY DISK INTERFACE iaill il>-Vl OJjj 
tfJJJU yy .(22-7) JSLiJl <y Oi*Jl ***- Jl ii-*JLII 4Jl_^*ill t_iJjj J»jW- j-U 

. ^Irf ^ _ 2 

.oUUI JiJ _ 3 

J* LJUb ^....a.7) 2MHz ij jl» jjji SQUARE-WAVE i*^ i^. ioU J*xuJ 
.iJltll J Sjki 166j 125., 100 :5JL.Ij^- ol^ *j"5& *3j>d.l ^-fjjl ift^ j£s .(4 
OlifrUiC fllalll Jji> Jb-Ui jSCf .^Vl i*lS0 Jb«-I_)j jL* £j%s>J\> ,Ja>d\ ijjj iJJ- 

. 1 6 JJUJI 



READ OPERATION 8*1^1 
Ajia>- ,j~»^»j otlyill iJL^ J>*iJi 

.SEEK uloJli jlJjJ 
-Idl £_^l jlkil 
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(2S_7) JSJS1I 
CRT iiUiU ^U-t kJJjI 

Writing On The Disk UI^Vl Jp iWl 

, jLJj J**-- SSjJ — 1 
, 8ki*»*Jlii y»\ jlJjj — 2 

. |ik£| y>( ftUapl _ 4 

. oUUl l_Jl1» !jU1 f }LJ JU- oUUl iiyu _ 5 

. iiui ouy i 4Sju _ 6 

. dCRC ttx^Dj « J>^» iow^l Ol^> ^ Jto^Jl - 7 

j&tJl J i~. V) *^ *N»- J if/^ 1 er 11 * 11 **^ f FDC lW **&*>. 
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ijdy OVl T^-ol .illjJa-Vl JajLaJ AjjJU.1 SjJbJLl oUfLl Ul JiJ ^ .(23-7 

. ^Jj»Jl iajbaJl JjUj yy *_* iJL^. i»^» iil Ja-w^l 

CRT Interface iJLuJI JlJ$] 

CRTs oLiLi y>; . JyjikJl *~~! V.*^ <j* (^j 11 * i"-^ V-jeb CRT ^^ 
^jPyu d)f A—Jax-Jj <i»U<9 Ifiu CRTs jliir . ijU-j 4~fr* CjliLJaJ i^L* p^-l ,»-l "j*^' 
IJJ tHard Copy aJjj ik~J £c_zJ "b/ l^f tCRT ol£«« . ip^ cjULJI ^y oU^i^s 

.iijj i«jU» :>y^y* *VU ,yV 

j ?«-s^>i! . DMA JUjc-I k-JUalj -iJy>«3 ie^-Jl 4JU oUL CRT >-j5Jy j -> A"; 

.CRT £* i_-L)yU iykll JiLa (25 _ 7) ^y"! 

V^ (0«JI Jl) RAM S/li J-jc^j .^-.y 1 ! jL-j Jl ^j^ai\ gJUil ^lL 
Jyu . CRT Ji RAM ,y Uf oUj^l Jjl) DMA J*«i~; . Ljjj ULiJI oLy* 
jjaidi olj-i> SjU aJU-I oJU J jfj . Ojia^ SApU Jp CRT Jl UVl oU^dl JU&I 

. 2 JisLi JjUj 1 Jai-I JjU L* ,^J)Ul 

^ 1 J*3U JjU Jl SjflJUl ,y oUUl Jas . oyauJJ ipL*Vl JLxu-Ml Jj Li 
JvaJ £-ijJLl J 4~di5 £yj j4» . \t-jh 2 JoiL-t JjU OjZj <jf ^^ cJjJl IJU j . ^Axc 
2 JaiLl JjU A-jyJ Jy»f cJj yj JL>Oj*Jl <-=»-UJl yi . iiLiJl Jp Sj^noJI r-y^ /»-« 
U,li 2 JaiLl JjU jy<j L>- . RAM S/l j ,y 1 JaiLl JjU i^u cJj j* ULiJi Jp 
J-y" killi ju, . 1 JaiLl JjU Jl U (^1 Orf (>) (MUX) olyaJl ^jJU J_p^ 
UF jjLUI 2 JaiLl JjU &«J j>Ui oiy*l ^-i j . iiLUl Jl ^IdL 1 JaiLl JjU oby* 

. U-Uil j*uJ U£*j -s^ljill ^y. DMA j* j^S^uj 

S/IJJl <y 41&J.I O^y 1 ! ^Jbi .dUi ^y I JLW J^f .i.LUi ■■■ tiJU^II -"oj^vaJl 
o^XlJl ,yiyJ <_— b> j^ j^y"! II* j£J lO^Uy 8 «w yy iiji-l o^tddl 
^l0ic-.lj iJyLl O^iLSlixJl ,yiyJ t!iU liaj^kll «JU J^jC^J . *J>LiJl Jp iij^ 1 
Jl o:>Uy 8 ^y uiJjll LiyLl j5^iJl yj Jy^ ^ dJJaJ . Dot Matrix JuJl iLi^ 
Jii ^-.ly Jjy^JJ U-Uil .Ju> J**£ . iJLlJl Jp ^yJJ Aj-L. Jaii *a^ JJLS^' 
. (2 6 _ 7) JSLtJl J i^y iL-Uil dJ^ . jj>~ JjSCU jjy ik^ly jf ROM SyTIi JjO^ 

(27_7) JSCJI J jJ^- >r wdl iu-wJ CRT LiLUl J^U iiUij j.Ij^i-1 ^s 
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hJU\ ROM J ii>l o^LS^dl j$ r JJjj jj| (DMA dj> -y) CRTC £j%+j 



ASCUyj" 



i)lja> 




•-J-«JI >j (5X7 JmJI IUjf) 



iS2_ ••♦•• 

• » 

I.I" ••••" 

---I ;---- 



_ sss 

~ 5 i! 



(26_7) JSLtJl 

Jjs- JXtJ >.j J& iUj>- c/5LSLii Jir 5 x 7 iuJ iLi*, JL*iJ Of ,>jSiJ 

]o^- i*^ JLxu-l ^ .^j>. I )£x jj^s - o^U>j 5 hu~j iUj ROM JU«i-l 
fi ^ItJl « — i-^-JI (W* ^* Jjf ^ l_^ . Js~ Js^" J& l*-> bj&l J»UJI -^ yta. 

i_i^» 0I>P jjiji v_*£ t£* LJyi^. 4*w. "jy ^ ujW. JLjJL^ J>-( j, . aJL ^JJl uivaJl 

.(26_7 J&JI J A2, Al,A0S^»olu-f 3 _» 
. (Intel) 8275 CRT LAJ, ^ jlll ^_aj^Jl (28.7) J5^JI J ^Ji t ^-1 Ji*5 

«f* i> Sj-UJI <y. 4~,L,Vl oUJail tfj>.l .ij%j| ^ i^tS - CRT JwU tikj 

c^l ^ CTV <~& u^ J*- ^Ji ■ <tf>f iM o* J f J^ 1 ^ o^-y* 
.4-iLiJl Jp ^^ |Ji J^J lil JL^l J^w, eJk Of Jc*JLI ^ .Cursor 

lx*-^i- <*-jUL| ^J| <L*«d ^jj| jjiJL ^y ifcUi i^y ^ dilj J[ iiUi.! 
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j»e- ^aJJ i~*\J\ iSj±-\ ..u.^::ll g-lia..^. ^t. .Paging ^-ivaJlj Scrolling JL^idl 




(27-7) J£jJI 
CRTC J-k' 



JJL-jJI oi* <y Jj-Un oUiljJ iiLat ^JUa* -^ Sy^dlj iibUl CRTCs JiJ 

. oBUj SJl* ^ J.IS3I cJJjJI ^jUaXj V 

Sj-isU gV^lj JU^VI Sj^ UUV v.U)I ijjljdl oLaj ly LU*, Mi 



iU* i^JLI sj^rMlj oUfcJI j£J t v b£j| IJL* jli»,L <JUL? J^Lfc *IU>1 ^ V 

. ili£ll <J Lc ^-iJ^dl oLJB j^-ijj Of v_*£ 

Cf &l*jfa SJ*.J»-jt (£>*Jl £-IUJJ iJl' i^k, £A ^y^pS] gJUil AAjb* 
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8080 vjbi. Jill 



V, 



DSO-7 

MEMS 

IOW 

NEMW 

KM 

a 

HRd 
HACK 



DMAjajUi 
S257 




■jj*aJI <!*?'>-* 






'ats 



(28 _ 7) J£J1 
Intel 8275 UL1 r-JJji 



4kMI ii^Lcd! ObJlMI blsul 

Multi-Microprocessor Systems 

oU-l*JJ iU£J| jJUijJI -^ jtffjf ui=j'V U>-b o5L^»jJ obi" sju- -uj-jj 

: ^ VU«^.I JtfVl SWfcJl oLfcll . i>waJI 

.s/IJUl oMUjI _ 1 

. aJWjJI o^-JL oVUttl _ 2 

VU-s-l JL5VI olkkULI i^J-^. (29-7) J_£jJI J .(Ub-V Lp-y^ vV) 

Memory Communication SjSlill ctfLu&jl 
.1* J^-J .(29_7) JS^Jl ja J*Vl f-aJl J s/iJLIi oVUJl J^ jX* 
^l^ ._iJji iijy jfoj* ,y <il>ll RAM ijSYs .^y -y *ii> RAM S/li -LJfcll 
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(29_7) JSLiJl 
^ywJl gJl*ll crtUll Jikfc 



iuJl liUj JJL4 .iljii. i^Jjf *J|JlI Jb>-V p--vaj Oljdl oUUI iJl>- ,yi . LUb 



. iulji. V ^ CjUjjkll oUUp Of ^f . Oj^JI (jjOlsO *l& Jakijj I JU» ^ Oj 

gJL Of j$>*» jJLw J£J -^ . U>M jJ! U-Ull o^UuN i/1 jJI -^ iu* iak> J*L£ 

jjAjV of ^>^i ^jui jp ^ t ^» liit .^jJ^Ij ,*£>*ji iji" j ^>^ij sji^Ij 

ili^ill oJL* J*i .^F t5yw gll** LaTjJSj (^JLJI cJpl J S^JJI ,y I* iilai* olji*t 
iJi" ^» c~Jdl sbl . oLf I^JI jf 4-^41 ijJl a^-ljj lf.laijL-1 jS* cjs :bt ^-^ 
Jp U\J>\ o^Uj JUxu-l ^ .jb-lj ^JU* JJ y, ijSlJJl ;uku JJ g^l ^xc 
•jSLc ^i ikJ^ iLs>j}\ . a» Ji. u •>& ^ . s/lJUl iUjJ a>-lj JUL*, f-J»jy s/IJJl 
pS^xlJ ijSli IAS Jii^ ^ ^f SjLu .^| gJU. jj ^ Sj jii us Jl g^Jl 

iJl* ^j . oUL, apj*^ ^ i5jL^JJ .Jla SJU-loJI otsL^jJI -LSLllS^ J*jcuJ 
,>wrf L,aV UJ IgJ iL y|i . ,ji\ij£ UU LUji iijJIJUU vJUc; cb U -j-Ji 

. jaJl JJ ijS\M\ oU jL^i 
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iiialjJI O^wJL DVtuuVI 
Interregister Communication 

i^Ul J . (29 _ 7) J^iJl JjL-f J i**^ o}U~Jl Jt>U- -^ oVUuVl iJL^ 

o^»«- ,«* iSjiil\ o^U-Jl c^w>f PIO Ji* i_iJjJI olilij yy JOuj ^U-l cJ^Jl 
gJUil £_* JU«U PIO ui-^j j^i*. tiiU-l <Jla Ji* J .PIO J Saj^LI I/O 
•jS^cj PIO J>-b J oUL aJLS" 6>>- liUS JLw iS_^» £-JU* t^f f. .lai.,...! .^jJwJl 
J£ jlS" lij . £-Jl*« i|f Jj (>• LA oUt£. jf cjUl»Li. jUy < jSic . Ufji of >>-f p-J^- 

.3«J»ULl J,ldl ^!>V v^iiill J t5>^ gJL« J£ Jb-lj PIO JUxu-l ioVUjVI 

J2J yU- J ILL J^flj) . Xj^M oUL£H cbU e*LU JtfVl j* oVUu'^U JakiJl IJLa 

J>-b J oUUl i«K Ojii \^- i*l»liJJ jVl jU>JI ^ iS^-Vl Sjil .(ole^JJ 
. J^-l_) 0>\ J }Ujo~j of 'jilc 1^; , jci^»jll u^SJl uf -U>-V . PIO 

iilij (Jp Slii* ^>ja^ •>— s** , lj> > *; *•£* <^l t**J) ^iu** iA-U^ tbj^p IJu i_^LLo .j5>\~* 
OjSo jl J?j-i Jp -jidj ;LS^r lyif twl?-lj Jili Jp uyyw uyr^w J^jp ^r*i ■(•■V^* 

. SJOJbLl MPUs »i>l Jb-j J Jjj (_$JUI Master-Slave «_;Ijj { ^J j Jai JU«xJ 
L^.; iJ| • «^arJ . <upUa» JjI_jj j** iipUi* *ij^» cjLJL.I*» ( J-^ , jj L^sjI ,j^5 

JUjc-I ciiijiiil JiUlj icJiaJI o^L^JI ii.^ Jjt Jj- Jiai v-^-Jl IJA .PIO ik-l^ 
olaJa; J Raytheon ik-l^ ^Jii^Jil L-ipLall £-Jl«il f UiJ y**)l M^' "^ • p IOs 
ob RAMsJ ^.jll JUjO-VI li^*; of b^c .(30_7) JiLUI J illl jbl^Jl 

•j^ oLpyS JUxu-b i^wJI oli-ljtJU iJ>-l jJI cj!>Lsoji)I *!j*-1 (jSUll "j* 
*VUaJl OjSOUl i->-Ul -yj LJJL-« IJL* jj^u tbjAP . fj fc *.. /i: >\ rjtyj Uart JU*i»-L| 

i*^ll «>>-Vl ^-fJr U>.|jj| ot^L^ydl S^iydl i~~Sj\ oL^xll o^l aJ- luiyc-l 
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Sj_j-^j i^LiJI JjI_jJ' u^ ^-^ t}*-*-"^ ii£j**«*Jl *^-»_j-*U-l rj^J J 3 ^ <J »^^v»j>Jl 

* * fi * * £ 

«_* a^L" oLk>>«il J-^_jI Of ,j^? ^-s*** ••^^l <L->Li)l JiljJl ,>• *k»-l_J jljS>-li 
. i~«J^I iw-LrtJI Jil>Jl lJ J'\yC**\ bk *^il ,>oJ ciJLJJL5 . iyJidl 







( 1 6) oULj 


» ' 


I 




♦ 


(16)^1^1 (_ . _ 1 




I I I 




1 lfj^-11 «J»IA* 


' 




1 


1 ' 


1 






I 


oULJIj 




J JjilJDI ^L*!* fc> 


2 ifjS-ll U»li« 




, 


t 


i , . 




(16)oUUI 




1 2,5^1 




1 1 1 


( 16)01^1 






* 


(^f&JI 











(30.7) J&ill 
Raytheon £*» j^ oA/ RAM 



Bus Standards <UuMJ! jsi^li 

CAMAC j IEEE488 ^» L^JI obt-UJU fcJI v-UJl lijULfelli JJIjJI 
oL-U)l .Jl* ^ SJL^1_, JS - a VI <^>*r~ ■ Macintosh JiUj PC JiUlj S-100 JiUlj 

. iuJl 



RS-232 C 



Sdaj 



^-UJI v_iJ^}| oLji»* . ^biJl juJU Jbu uJJjJ iaJLB u>-j ,_,* RS-232 C 
£j\jZ .IJ^X>- oUL Jjjil Ijjcwi jl^l o^j ^ lijA c^iLCidl J^j . SiJU^ 
^ jljfcj RS-232 C J-*u . JL-jI S0>.j 9600 Jl 1 1 Ou L« aUl JL,jVl ol*^ 
.RS-232 C J vrA^I oljLiVl (31 _ 7) JS^JI ^ .3LkJ| olulkJlj iiLJl ^> 
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PIN NO. 


.GROUNDS 




1.7 


_XMIT DATA 


(TO COM) 


2 


_RECDATA 


(FROM COM) 


3 


-REQUEST TO SEND 


(TO COM) 


4 


_OJEARTOSEND 


(FROM COM) 


5 


_ DATA SET READY 


(FROM COM) 


6 


_DATA TERAAINAL READY 


(TO COM) 


20 


_RING INDICATOR 


(FROM COM) 


22 


^RECEIVED UNE SIGNAL DETECTOR 


(FROM COM) 


12 


_SIGNAL QUALITY DETECTOR 


(FROM COM) 


21 


_DATA RATE SELECTOR 


(TO COM) 


23 


_ DATA RATE SELECTOR 


(FROM COM) 


23 


.TRANSMITTER TIMING 


(TO COM) 


15 


.TRANSMITTER TIMING 


(FROM COM) 


24 


-RECEIVER TIMING 


(FROM COM) 


17 



(31.7) JSLill 
RS-232C iJb-jll oljLil 

IEEE 488 Saa. -jJI 

JJ y> L^-, ji£ ,1 j£i 1 1 971 Si- Jl IEEE 488 ^Ull Up-jJI j^jjL" ^j, 
jlft-li-; IEEE 488 5 J^l <JyJ . 1975 Si- j>- SX^Vl XJtxJ.1 oLVpi J IEEE 
^jijJjJ JJU) «HPIB»jf t(GPIB) «S-.UJI ,>l>bU uaJjJI JJUsjf i^L-iJI 
(r-ij*Jl jj^kJ Hewlett-Packard l^ ty* jJl SiJijJl JJ ^laJL _ Hewlett-Packard 
8 S*^j 0i*UiVl ji oUUl J5U J* J&trf jJI oUUI obi.) ASCII JiUjt 
•Jla cJlS' 1975 »U JL. .(ASCII J~j tJLp'Jl J* j^b ,yy SjJL* _^p ^ o^jl^j 
:Jj Lc Sj^ill •_,— 24 £j%*y zjJ- .1975— 1 S^-UJI Ansi MCI ^JS 5JL=— _^Jl 

. S*^»jf J» ■>]*>■ 8 _ 1 

: ijLil Ja>- 1 6 _ 2 
oUUJ 8 
DAV, NFRD, NDAC :JiiU 3 
.IFC, ATN, REN, SR2, EOI : JiUI ^Jxi 5 

(33 _ 7) JSLtJI io .IEEE 488 ^UJl JibAJ L^jJ (32_7) j£jDI ^^u 
J* (oL^Ul tbU) S^iUl, Si-Ull SJLLLi (34_7) j£iJl i- ^JJ-AS" ^i^dl oljUJ 

.oUUl 
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^ 



(g)oUUI Jili 



DAV 
NRFD 
NOAC 

IFC 
ATN 
SRQ 

MN 
EOI 



M 



6li-H#| 



tljiwej 

DMM 



iJ> 



L*-_jUs-oljLi| 

EX: SIGNAL 
GEN 






1} 



I i-iJ»Jl , < p h'i 



r UI 



1> 



EX: COUNTER 



(32_7) JiCJtJI 
ijer^l JiU iL-LaJI IEEE 488 !J»j 

«s*j O^isj 8 ht^j y>ji\ *J?jij Lii>*i* coULJl Li! e-bJI t ATN Jai-1 ^i-wij 

Jl oUJUljf j>l)Iip jf oULo UJ &j& of l^ jSa t DIO Jp oUUI J&U N .DIO 



L 



DAV 4J-L0 OUUl 

NBFD oliUJ ijJ>U~ \Z J 

NDAC OliLi JJi M 

IFC iJlJjJl j-Jyu 

ATN .Lil 

SCO iiJuU 1. .11. 

REN J« ,je OsS^ 1 

EOI ..i^dl jl olfjl 



(33.7) JS^JI 
488 _ XJUill !^>^JI oljLij 



j Xjaj> y> o!Av»j 8 iit-u JiUl Jp ilSLill j^ oliUl JUjcu-I jf £$y of »-*?: 

oJa ijiLLii ajjjS" <ijp- J&ry* iLSCJL* _/ip ^j* oliLJI oV I Jii . <uJiuJL) <_i<wy SJ 
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JJs^i JiUl li* £. JvaJ jlfi-l iJj>-* ^ . JiUl II* JU Jp O^Uj 8 ,y liiy 



cUlgj <iU- Jjl 



oUL, ibt ^U 



DIOI-B 
ICompotiitf] 




JjJu ji-Jl 



, '. ', 



I 



IS »|> -a— 



III] Ml || I*""" 



<») 



I |— SGN5-*- 
> |— ANDS- 



J.UII jJUll 4Ltj 

flyfJi aIU-I ^ is 



(34-7) Jfcsll 
488 _ (oU^UJ.1 JiU) i*JUalt »Uu 

jy-^l (36_7Xj (35_7) 'jUCiJl J 0^ .iLUl ja ^ jlJL*. IJL* ^ v.ikj 

. (g-^lj piSS) GPIB uxJyJl ^ uyr-ij-J iJaJa^JI 

: <y. GPIB J v-JtjJl ytiiy JjJbLl 

. iJUJl J £U- 1M ^ JiJl 5^ ^JVl JbL-l • 

. ( tff a*l Jb^ (jjj-») Lf*i*J Jj 5j^j»-Vl ^l^l oLlku • 

* - 
«-« »J^*"Vl j^4 jru£J il^-rf -LUMj oVLojlj 7&_»*J Ifll ^j* GPIB J i-«JjJI 5_jJ.I 
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Xs- iJjuUIj u J>\j&\ <uS3j ^Aill iJU 5j4J--f JLxu-l x* jj^lj^l lift dj& V Uj .Ujw 




(35.7) JSLiJl 
»U^1 :GPIB J ^r)>j^i\ UJjJI 






lULLj Jflj 



|ENb*-J 



jli>- Ouu 



HI 



- . . , 



■*•! BYTE 
-»-> XFER 
-*■) DAV.N 






4>tiLdU 




o\f* 



< Jfi * H— j_* u -*j 



UUJII 



(36_7) JSLlJl 
piSS :^>^JI GPIB OJji 



Jf-J ^Jl i^U vJJjJ JSU, oj*jf JUi IEEE 488 ^ vjUjsJI J^ J^f ^ 
Motorola ajU^I fJis~. ^JUl uiJjsJI (3 7_7) JXJJI Ju, dUU Jt»5 .,^wdl I^S" 

.GPIA 
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JiLJI ~J& mLu 



HS 



HER 



oUUI . 



kf- 



BXv 



BOB . 



BSi 



553 



Egg 



555 



6159 



55? 



MCW4U 

OfIA 



„->v 



rout, 






J-J' 



(37.7) J£ij| 
Motorola GPIA 31* j 



CAMAC »oa.j 



iJUb cJ%*y Jyt IEEE 488 ^ .583 v-UJl IEEE ,_^ CAMAC iJ*-j 
^jlji» «-iJjJ Jill *jJ-j r^U»v»Vl li^ oJl^>- i-w-'Li CAMAC ^-^aj . iia— «i *Os^ 
iJLJj •jj-^ ^ :b* lo**** «CRATE» *_Jl£ll . UoLiSI ^-tf i-JLioJ p-ili «-j 
jJa.>^» i»jku (38_7) J£iJl Oiti • ^s*^ **•** {T^ ir+^&J (_*-$-** .CAMAC_» 
25_i ?-ljPf <-ij ^ ^yaiiJl cjtfkj .-^.86 J £j%*fiyt r-iy JS ,_^j . Ve/^J 

0^1 o>JL>-j_j iijJJl olL.ia.JI *-. Jil^xJ ij-Li)l CAMAC S-Jb-j Ojjl*.^^^* 
r-ili ,_^>L-f J* i_ilLbjJLJ SJU-ta oljjJu *l^l Jp l,=jwii ,_,* CAMAC iu-?- . i_JUJl J 
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ij-jM juUlj ujiltjll :j.\/i\ 
2C18 ip~ ji ^ 



— — SI « SI oJJ 



(38.7) JSLiJl 
IEEE 583, CAMAC iMj! gijh 



S-100 J5QJI 

IEEE -u-f 2-^t d)Vlj ^.UJI ALTAIR/IMSAI J^% S-100 JiUl ^J, 
tiiJj J ij^^dl t r wl^JU i3l~~S^I OL*i*«U «d>of ^ 1976 i-i J ^Ji d)f JOo 696 
J^^J g^jxlls S-100 i>- JiU ^ JJ t (i~* 0Vl) IMSANIj MITS U"j cijJl 
Jp sLldl iyivxH icoill ve-^ 1 «i £-"-* J*^ 1 J**^ 1 ■ Vr-j^ 1 'J*^ 1 £■* 8080 
oLaJa; Jj J*Jtl J v~Sj I**** S" 100 J* 11 " fjsM J-*=-i - 8080 J 8085 -> z8 ° 

. PC JSUL OJJUU-I i-,a^SJI Oly-U-I <_J^f . ^yu^Jl J^UaJl 

+ 8 <y> olU! jJUai oLjS-. 4ftky oU^ 1 jf 5 _, ^jL S-100 JiUl j^ 

^j. Z80 uiJji Of Ja^ ^f <jf . cJ> - 1 8j (IMSAI g*y J 16) cJy + 1 8j cJji 

(39_7) J5^SJI ^ .JiUl £-* 6502jf 6800 SU,s Ujf •_-££, S-100 JiUl 

.cjIjLS^I lJU/ rJ>Jll fOi .S-100 JildJ iLxuil UJfcM oljUsyi 

. ^oall S-100 JiUL ciuJjl ^Jl JSLill ^ J* (.J 
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.CROSS-TALK J^jid\ ^^ oljLtVl Oy ^jVl 
<t ^UJI IEEE-696 OVI S-100 JiUl 



















1 


+«V 




31 


+§V 




3 


+ 16V 


» 


-14V 


1 


tun 


33 


sua 


4 


vu 


34 


suwt an 


3 


VII 


33 


OMAO 


A 


VI3 


96 


OUAI 


7 


VI3 


37 


DMA! 


• 


V14 


31 


txno 


9 


VIS 


39 


AI9 


ID 


VI6 


60 


SKIN 


11 


V17 


61 


A30 


ta 


NMt 


63 


A31 


13 


P»WAR 


63 


A33 


14 


DMA3 


64 


A31 


19 


Alt 


69 


NOW 


16 


AI6 


66 


N«F 


17 


A17 


67 


PHANTOM 


If 


SDSB 


6> 


MMI 


19 


cost 


69 


■Fll 


» 


SM> 


70 


GNO 


31 


NHF 


71 


RFU 


33 


AM* 


73 


ROY 


33 


DOOM 


n 


INT 


34 


» 


74 


HMD 


39 


olTVAl 


73 


HESfT 


36 


OHIDA 


76 


.SYNC 


37 


KfU 


77 


oWII 


a 


nu 


n 


gMIN 


39 


A3 


79 


AO 


n 


A4 


10 


Al 


31 


A3 


•1 


A3 


13 


AI4 


■a 


A6 


13 


All 


u 


AT 


14 


A9 


14 


AS 


13 


0O1/DATA1 


89 


All 


36 


DOO/OATAO 


M 


AI4 


37 


All) 


•7 


All 


3i 


DO4/0ATA4 


U 


D03/DA7A3 


39 


D01TMTA9 


» 


0O3/DATA1 


4D 


0O6/OATA6 


90 


D077DA7A7 


41 


DI3/DATAI0 


91 


a«DATAia 


43 


DI3/0ATA11 


91 


DU/DA1AI3 


41 


D17/OAIAI3 


93 


H6/DATAI4 


44 


iMI 


M' 


DM/0ATA9 


43 


■OUT 


« 


OKVDATA* 


46 


■wr 


96 


ilNTA 


47 


lAKAM 


97 


■WO 


41 


■wrA 


M 


IMC*. 


49 


aooc 


99 


POC 


» 


GNO 


100 


am 











(39 _ 7) JSLill 
(IEEE 696) S-100 JiUJl 



PC JSQJI 



JibJI £— . .7981 -cu- J^^ j^JJl c J^/l IBM PC J J**i~J PC JSUl j> 

J O^Uj 8 **~j Ask* s-ljJf *iUk t*J>* J**- 20j oUL i^L*- AJUi j^l PC 
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SJUII oUljk-Vlj Sjjh^JI J*l>* Jl*>l O 5 ^ .^s-L-Vl gj^-iJl ^.j-U-l J>-b 

JiUl f JJL . i^-JLl PC c.1 J»-j Cfjy* Jj IBM PC XT J Uuf J»UI J-*-^~d 
oL^i-v fc-j DMA JLif *~jb l^ 1 u" ^ "J*^ '°^J 8 i*-Jlji PC 
+ 5 iyj J 5 ^ 1 J* ^^ ^k* 5 *-* **;jf "^ • (V"*-^l IBM PC J i->) JuJ»LaJJ 

Lijtf ^il Sis JJU iL^y 1 6 4*-j i.Ul -Lva^-iJl l_v--I_^JJ M£ PC JiU J*<cu-j 
IJL* L f~ i . L*-jtf-l oUUl JiJj o^UJU iUy 1 6 ^o, INTEL 80286 J* 
JsUI iJslil v^i -Kj^ *~ **j J^f ^W ^»jb>- V^ l -«rALJ PCAT JSU i JiUl 

. AJyiP iUoj 2 8j oUL *L^>j 1 6 £j-*>J. PC (^AiLiVl 

,ju ,>* IjLlil A--yVl PCAT j PC j^Ul t^U-or^JLl a-^JIij <pJl j~*j 
rV -^' NUBUS J-ii—ll J 7*-r*j Of J^->J.I ^ .i_j^.U-I apL^» J ivs-LiJl Jilj^l 
vL*«i J^aill IJu yjtt- .PC AT j PC JiljS Jl. I^fi, 4 MACINTOSH IIJ ^UJI 

.jUia^-b f-j^s^jil IJL* 

MACINTOSH NUBUS 5a»j 

JJB jl UU. ojliu cJtf * 1984 iu- j iyi JjV MACINTOSH cJ*>f 1^ 
Ji^Li t-j Sjj>. Ljif Ml 1 1987 i- J eJl»of MACINTOSH II Of »-a . JUA£ j-I^Jt 
PC JilyJl o^J Jf ^Jjdl ,y .*Uj 32 <^j NUBUS ^ JUjlUL iij^jA JbJtf 
JOJUJI j-I^Jf -^ j^ ^Jl ioliJl oI>lJI J i*+* U*J^ MACINTOSH j PCATj 

g^Vlj JUa^U ial^lll Sj^-Vl ^SJyJ ^1 oLiJl J*wJl IJL* J Ua^i 
jp LuLuj i-gsffjdl i-JU ^IjfljJI JilJb ^ U^-l dLIJtf .^>^)l gJUJU 
***• J*¥ Of V* **l»-jll •■*■* J .^r-UJl JiljJlj uipUII t£yw*ll gJUil oU^. 
.i^il J^LHI £_wi- •&>» Lofj JiJ .%* tiUS i.^ i^^Ji ijj| ^^ 



381 



J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



1 _7 



2-7 
3-7 
4_7 
5-7 



js- Tt-jiLi* ^-j^j J-*^"-: ENCODED <*j~>j* 7*-^** <*-ji ju Jj^l y>> U 

. DEBOUNCING alJGjVl ilSLix, ljL* 

. ^yli. SO* ROLL-OVER J>-IJb" *Ka. ^-^I 

. ROW-SCANNING >~»jk^ai\ *_~. -Li* ^Ju» 

'Ayoy PIO £_. iUxuil LINE REVERSAL jkJl ^liUJl v* <Jut> 

.827 9 j~ylill i>-jiJ t-iJy iilij cJJltj Q^il c (7 - 7) JSUI Jl {yrj^. '■ 6 — 7 
jjaJ\ J>\*j NEC £JULI fc^ uiJUij ^1 i (9 _7) JS^JI JJ ^jJl : 7-7 

. CODER 

,(11_7) JSCJLJI J i~. LED DISPLAY oUI^ ^yti ^-Jl jUII : 8 _ 7 
iL/>jJL ilj-^jy Segment B iiLiJlj 6 iL^JL i)j^»_^ A *SLUI Of ^j^U 
^•Lill (UkJl _^l HEXADECIMAL ^^Ul- j^u ^ .I^^JUj 5 

. MODEM Jjwdl rji>« ~**&j <-**» '• 9 — 7 
j iLj£~A\ (CRC) JLJljjil ^jjjJl ^^.iJl <-?■%* V* **& uf* 1 -* : 10 - 7 

jyU-l ^„.h fctlj SOFT-SECTORED j>l ^.> ,5:11 Ou J^I^L, : 11-7 

?il>u-bU HARD-SECTORED 

.(22_7) JS^JI .j .jull 1771B Jt.fc.AlJl tljk-Vl J*U SJUp^I : 12 _7 

J *u~.) CRT fcJLilJ ^L-Vl .JJjdJ .j^l jjU-l JjU U** ^1 : 1 3 _ 7 

.((25-7) JS^JI 

?(28_7) J£JL)I JOiA 1 CHARACTER J>l JjSLUl jlJ^ iLk, ^ U : 14 _ 7 

^ L. fiL-SjJl Ijsjg* ^ U .TWO-PORT -^^ RAM X/li ^ L. ^1 : 1 5 _ 7 

. ^jJwaJl rcJUJU {j£*Ji£* ,ju JL<*j}U iLkjC—ll /ukidl «3_^JaJl r/»*1 I 16 — 7 

?IEEE 488 sj^j J*«i-o- ^ ^V : 1 7 _ 7 
?PC JiU Sj^. ^ U : 1 8 _ 7 
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£>--fllf tel^U-f 4*4 Ji 




•^'j J-** ^jf 11 c^~ u^S ^ "^ £-*j .*>^J>\j 2-*ljJl iUSj if^Jl J Cwdl 
L.L.Fy-i'^l* iJ»Vl Jp t if.jJU oU&Jlj jS'Ltllj ^LilL jvi^Jl i_JLLj .L-.bi' -^ 

. iJUiJl i--jLilj>j 

ALGORITHM AND PROGRAM £-olijjJlj iuLwdl Sx^ll 

J*i ^1 oLLwJI ^_jld S^k. Sjiaii-I oLi^lj-. ^ IXJA iJl^l .ALGORITHM 
ti*»l>. U-U. JU^^/Sl .oJ iLj J~J ^L oLJ-l sji^I -jP j|ujcJI -j£c .L. il&L. 
.Sj^lLi oO-ij £t-K*ll > j l» "» .o J*J JJ ioL»J-l Sj^Jl Jjjd ii«lp Sj^au Up "w^>-yj 
■^ .BINARY ^'LiJl o*Jl r U* ol-JLu jLLj' Jaii ^ >-..o ^ J i^ a i\ gJUil Of Ltj ai) 
V'WI i*-Ldl J> 0^. ( o^Uj 8 i^ ^>a!| jJUil ^ U, ^-i^Jl JL4JI 
^JJ .(BITS o^U, 8 ip^ ^ BYTE £UL| j[ ^Ji) , UU 4 j\ 3 _,f 2 jf 1 y> 

PROGRAMMING LANGUAGE <b^JI £U 

u ^Vl Jpj JiJ-l *j-J .s^iL, Ul iJbJ o!)LSLiJ Jl i^LJ-l SJU-^Jl J^ ii^l 
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S*U£I1 il»j *Jla 4^11 (.J*) \j& .JJd\ J JU*^VI ii^. Jlii\ JbUl o^LiCiJ cu-Ji 

if^ oU) c~— ARTIFICIAL LANGUAGES i-pkh ,/.! oUJ oJb^f 
j^j gJUJJ i^waiJil oLjXdl Jir d~>- PROGRAMMING LANGUAGES 

i -o-ij i«J*j Jl ^u- (»^-j^ g-v^ J?* o* *^' *** <y W*> J* p-^ ■ (Sj*j 

ASSEMBLY J^tJl Aii ^^Jl oUJ •>. olji~. O^. . Jlii\ JLiJl &y~A y> JLS1 jf 
.HIGH LEVEL LANGUAGE ^jiJJ iJU oJ, LANGUAGE 

^pf tjltll JsaiJI J IaL->j ,^JI 8080 oLJU; ^ SJb-lj ^ _•*.& L*o . ^JUll 
ob^yt *_*ji jJl iphJ i»-Ld ^-ait <J~*^ i-JUJl oi* ijyu .(ADD r) r *_#•! 
ASSEMBLER ^.UM ^^1 £_.l^ Jyi .ACCUMULATOR £_*Ul Jl r J>*Jl 
dKi. ^ dJUi jXuj . Jjlall ^'UiJl >.JI Jl U ADD r iU*Jl PROGRAM 
mJ *c*L\ Uyj JJLC Jl ^bill juJI oLJL* Jj^s, DISASSEMBLER J^tJl 

l^ki . ^ jyij j-J Jl ^Lill xJl ol i oLJL»dl J-!Uij JjjfcJI i*! JUjc-/I «_»— j 

Sj-JiLi i-JjlL? 7t-»....J ,_^i .iiwlO »dLo5CJ1 ijs-U -y S*US' ^5"Vl i£jJI 4JJ oJLa 
^ApVI Jp ^Lx^I JtfVl ^* JijtJI oJ ^ dUU . iSULI Jtf-la o^U-^Jlj o!>U~lJ 

. IJiS" IJU& i^JLku jJaj (^V 

i^f ff-»jil J* <— ; r> : i **f ^-j*- "M^J V* 1 * Ji-jk" **^ ^?j^' jr"* * J»^-l *>«J 

II* i-Aolii J*-f <yi . J>-lJJl JSUl tl»L^vy J^«~JI (J* olJLJl JlJ CjIajLu iw^Si 

Jub^-tjJi 4-KjAI tf il2i^ ^j ioLJ-l olJb-^l iJj'UJj JJUxJ JjjtJl oUJ ,y <_jyf 

oliill jli£ .AijL^Vl iiill JUjcu-L v^-^. ^W* JLmbiVI <>£«il o^ o-^ 

^p cj^L^-^I y. gjiX Jl5LiF ik-ljj / f!A£]l JU-i J4 ^JJI uA-UJi V^ri V^^l 

oliL v^- 1 ^- 1 ; J^* ^ ^ V^ ^L^V CiUJLJl J £** -P^-* ■ V^-^ 13 ^J^ 1 

*jJUJI Jt« oUl.Ja.Jl -^ iLjw SiiJ i*j%i JS\ j~*j ^III ^Li-I lf~f/" S-b-lj J^i* 
^bk^Vl .UJJlj (P/Llj COBOL) JI*pVIj (PASCAL j BASIC jFORTRAN) 

.(PROLOG j LISP) 
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Sj:J cJj^ lit .J^-b ^rjiM INTERPRETER jf COMPILER jj^. 4 i^UU 

JL>-lj CJj (J 5JLs»-l_j i«-liu -kiujl (i_3jjt«) ^.J-* «.X?-lj oyi <tJL5L J ».«."...ll »_«lj^Jl 

• ^ b r^J 5 *) i/^ 

t C t BASIC :,j» i^Jwdl o-U-UuJJ UU> <UjcJiI ^jxJ.1 aJU olilJl 
lisbtal J* %*\ viJl5j PL/1 j, PL/M jiii . PL/ M j FORTRAN t PASCAL 
iioU* iil5 BASIC iiJ Oj> .,>■>■ Vl oyC^A\ ^Ai>\ JJ -^ »J jaj INTEL 
C jJJ of a-«j . 5JU>i-laJl L^ji\ ^ >LU bJU- Jaii i_JLks l^V ("-—j^ oVl J«jc~Jj 
oUjLJ.1 ^ji 1 jiJUjcJiI jup &.AJ-I olji-Jl J i«—lj S^J; Jp cJUo*- Ji PASCAL j 
. ^uJUl o»LUl j i^'U »j .>*aij fji J*-*^' cJlj V FORTRAN op 
i2»-}Ul oUJLcJl JLaJj Ji* hji oUJUj JjJL>J Jjl—yJl JUJI <_$ji»Jl oJ _ijJ 
•_^ ^-Ji .«2024 i*^! JJ (n)j«dll J^jj j>- iJLJl oLJLdl_j>jfjjf ««yi 24 

. J>-b f>rj* p-^j^.y ^j** ^a^>\j> <$^\ **?jd\ J-a^ . JLidU Jjli iS'LJJ jaj JJ 
«_j'Ul j^jJl ^^j . ^'1^! -IjJI rli^i oUJUj J| JU t5ji-»j? i»JU; JS 1 \3j*A\ frjj 
■y jjtSJl J-^x-i iJf iiydl of Ic . (^SbsJl Ul jf) (OBJECT CODE) ^yy^l >*^l 
J-^jfj «_JU1 ^yu^^dl jaJ\ £-r*i ^j aJII* Jif j* i£JJI i-jj— U-l ik-ljj cj\J>\yi")}\ 
Jl Oj^/? (•-»«** f ' ijj-.all o*US" <_>«> -> - t pi-jtJl ^yliUl -UJl _y*j >t ,.■,./»_; of ^^SCf . ( _J«J 

tVW 4,_^ JUJI t^jiJll iiJJ SyiUl 5jil . £Jl*ll Ji J< p-«^jJl JuiJjtLy o/IJUl 
j iojliJ.1 StUS" iiSli«« JJ (jjki^ . ifr^iSj ijtij— 1 hi-ji /"Ji: l^f ^f t p^»_^il cJj jjiy 

.^JiUJl J^aiJI 

DEBUGGING gj^m'illj UJiill 
DEBUGGING ,^0 . *>% i >**ajj ojLs^l i^-jjwi ift^; <*L ^^U^Jl *»^SCi UU- 

,j^»jj Cc3j_^l (J*) oLJbcJl XJcZ f-L-jL «jUIj)) ^_»U^JI fi>^, : ^jjJl ,_yi>«iJl — 1 
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J*s Da>. iJU, jjjj ^ . ^UJ jp j-j J,l j JUoll j^j (^j^il aJLJI 4iJUl jf 

Jp OBJECT PROGRAM ^y^J. g^j ii, : ^JUl Jp Cr ^^Jl J ^L^JI _ 3 
• C*-^ (c'-^V 1 Cr^ a*) ;i * :ikdl '^^ *- iisa • jjJWLl 
. i/lJUl j v^^ «tki-l ^ yu-i 0Vl £-^Jl ^_ : J\^\ JLidl _ 4 

FLOWCHART oblaxll ^ui Jak^o 

•i* . ^-^Jl ibSj ij.LJ-1 sjb-jJI jjj^s ju Uli. iJa^i olj>kLl tsJb-J i>-j: 

^_jbJ t5>»^Jl J-Udl^ oLUjJI jrw, Jak£ .CjLJUjJI j^ Jak£ _>*k£ il*P ^ 
l^j oLJU*Jl j^ JWa£ J jL^L-f b\j*j J**^o . ioLJ-l SJb-^Jl J 4-1,^1 oLUJl 

(1_8) J&Jl J .j<A\ ^ uU^ g^ij ( tfj\ ^ ^l^JLl ^^ |i| ^fj ^jhiJi 

. jljiJJ diamonds oy«il JL*i~.l -jp 4k»«j ili*f j$c 



B jl A 



V 



.ljfc.1 



O-(BjA) 



1 -(BjA) 




1 = (B jl A) 



- (B j! A) 



(1.8) J£JJI 
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iiUl Jiu- j& 4jL»- CjlJb-jP &%?£ ^_JUJl j oLUjJI jw olUk£ J»jC«J 

.I*>UL| oLJ-1 Ol Jb-jJI £-~^jJ ._>l=£Jl li* J oLLJl _t- oUakfc 

J^UI J-Uill OVl ^jJ^ .i-aftj- 1 ! p4*f i*^ 1 W^l «-Ayl«sJl lw>/^ 
JiLyJI ^-.bJl J*mJI J j^t* ■ IfdjU 5>jil oUJ^Jl {\y\j oUUJ ^jlilj 

. i.jkJ.1 J>-b <^J^«r '^l* (HW Of Jjjj £jjr" c?^ ^' !J ?** 

INTERNAL REPRESENTATION oUjixdil ^IJI J^l 

INFORMATION 

£b Ji* .oUUlj g.UjJl l>j ojkll J>-b olyUll cy> o*j Jji ^ 
C _^A\ JJ ^ oU-Uli ^1 JuJl f-j £-**« . ,/aJl JuJI y y . ^MJi oL-U" 
_uJl ^ ^a M of J**x1li Jp ly~* v?r vJlUJ . J**X-ll JJ ,y ^ -jS^ Vj 

. ^Uill JUJI flfc, J-JI <y "5jb (X9=«J.I yi* ttl* jl Ji^tdl iiL g-*jl\ JJ 
^ ,-g-iUjJI U+Us- ^1 j/ill -^ oCLJl JJUi i-*^ 1 ****• £*" ^^ 

<UuxJI CiLJLuJI Joioj 
Representation Of Numeric Data 

■yi IjjiS" of t£>— ^ . yfU J* (Jl tpl* cSy* pi> Jyr <~*£ X>f air- 

.j^vJCJij iJLJi ilJLc^l J-i»J J**iwJ Of t j£? iL oJl o^l^xJi 

. JUsJI JuJl fib J 






J* 





1 


li 


1 


10 


II 


2 
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11 


ll 


3 




100 


II 


4 




101 


5 


JiVl <U_,Jl ^f (LSB) ^Jb" o^l <^l ^UlJI pijJl (iUj) 


2°(= 


i) 




1 x 2° = 1 Jic 1 j x 2" = 

:_5 ^jS 101 dUJU 



(1 x 2 2 ) + (0 x 2 1 ) + (1 x 2°) = 4 + + 1=5 
J&\ JbJL *iix U Jl il^f-* Jyfc dt -j£c i^jfjll J^UJI iJbJU .j-SUJLj 
9 J ^Uiil jlJL *JL&I &U .(2-8) J_£sJl {&*> lc* **i^ iwJl JLwcl-L 

1001 = (1 x 2 3 ) + (0 + 2 2 ) + (0 x 2 1 ) + (1 x 2") = 8+1 = 9 

Ui\y (256 ^f) 8 2 JXioJ o">U_, 8 ^ •_£* JbiJl JbJt fUu JLxuX 

IJLa .otjUy 8_, Jir jf •_£$ 25 5 JJ ^ -^ l>^>^\ jIju^VU dllJU . iiixfc 

i$_^Vl Sj-SJl jIju>VIj ijiJl jU^II J-Ld UUJI J ^i&V tp*jJl J* t JJUJl 

o5Li£ JwcuJ ki~>- 4 (*JU»UJl j() Floating-Point Number iLtfUl iaJLkll ilJiP-Vlj 
i_i./i,s.ij iLuCuJll ,_,» is^p^vaJl ilJUoll il>l «0L>-jil eJUi ^JtjJC^u . \^j> SJb-l_j J5CJ 4^L>- 

. iaJUl JL.U1I J^ J^xAJl IJLa J U^^ 

L yt^^j iJuJl ojUij ^jP iULiJI ^iJl J-s<irf- . jJuJI JjLil Ola" t —^ vlU-iS" 
o!Av»>II J*j^-j" .«-» Ji£ Jl^I^JIj i+i Jir ^ivJli .SjU^J (MSB) jLJl ^i <U»j 

. jVl l^AvO^ jJlj \ijLs- jyj.\ J\£]\ JbJlj Oi^^l (—i*J *M>Jl 

Sign Magnitude ijLi^l 



(MSB) Jix jbdU . <*U JtfVlj JauwSlI JjJl y* SjUiVt i** Jjii OjSC, Lcj 
^Sbill JJUl ^LkJ i^— >■ j JoJl iu- vM 1 o^U>_^l Jtr ^ . SjLiVl jLJl ^f *JU>j 

. ijklw» 43JLi jj^ il -Ipf it-^jJ <LJ15^ C>w» J oJjA« 4Jla>- jl bjfj tl)lj i^""" • «j-iL« Sjj^Oj 
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9+2**A 




^ui i Vo* j»vi *uyi 
-J 








i n 

«><~ll - 1 


) 


' 



(2-8) J£JJI 

iUjc->« iU»j 1 5 Jtui Jbr-y ^f SJp-Ij iU»j Jl>-b SjLiVl of _£&) . 32K _i 

.(2 15 = 32K i.o^^i *&* <«-J 

a JLk JUjCU-L; &-* ijsrj i£j~* i (Jill IJL* J . SjUlVl W J-UJ ^1« jOu> 0^1 UpJ 

.(+) ^«_^ jLJl ^f (^ 00000001 _j JVo 1 • 
.2 _^» 00000 10j (-)y (1) jLJI ^f vi~>- 10000010.; JiUi - 2 • 
J i^o) iJUJJl jIju^V! />-»Jr 4e*lW J*lj>aJI "jJLax-** Oy»f/" Ji-** J^l a-**^*. 

:(3_8 J5LiJl 



. o 





i 


I 


+0 


+i 


+0 


+i 


=0 


-I 


=i 


=0)0 
\ 



(3_8) JCJJI 

. f lijVl JsUJ t5^>-f JJIJLj toVl JaZ~, . iJU JLiJ 
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One's Complement J^l^il *-»i« 

jUJj j5lc iJjjJaj SJLJl /»lijVl J-i*xJ aLucu-« t$j>-f i-xSJ ^ -b-ljJl *-»i» 
ij jLJ-I 4+a1a y> j Op ^V Jj-IjJI *-»Zj> . iu«ij jJIji 5k«iljj S*Li£j oLJ-l oLUjJI 

_> 2 oiix lil t^i* . (.^SLiJl JUJli) 
00000010 

jA JJUiJl I JL* j 2 J JL=— tjJI |**i« ?*-r^s* 

imiioi f-2; 

.SjUVl SUj ^ cJljV MSB Of Ji^V .>s*; (1) JSj (I)-; ji^> J5" JJLV- 

io+AJ &~£- U\J& g-ZJ IpV tOjjj'XJl ijS'jll iA-Ull olJb-j j LHp Jb-lipl ,***• J...iC^ 

. CPU Jl p..^..^,v J 

(-2)j 00010110 (+22) U-^ lil .aKJL* LuUf cJI) ^Li iJaJ-l *j_J 

1/ iJUiJl ilapVl *_*■ J*ly * lai«i>-U *s*~)\ j>&i Jb-I^Jl **ic Ju^^l 11111101 

•J* 

00010110 (+22J 
+ 11111101 (-2) 

(1)00010011 (19) (Jy* £*) 

.19 + 1 =20 : Jif*d\ HLp[> *>^i\ r->>**** v£ 

-w* ^ . yhi gjI jliNl cJlS" lij iJbiJl jl J*Vl £_^ J*ly J*«" M dJU oJ 

. jJUJl J~*ill 0^1 *xr- . Oj-I^I (^o* oLJL«J ALU 

Two's Complement (j$*i\ i*-* 5 * 

. (Jlp-I^Jl j,^) Jb»-lj>JI Jl'u-^il ijliJl **^ _ 1 
. Jjjjl rt—jij Oi^Vl /%-*!» «-£j t/jiJI (1) A-*£ *J _ 2 
(JJ a*j J) jVl ^lalLrf . AjiL^Nl iJUill ilJLpVl a-^ JLoIji JUjCL-.| •_,&: idJUi JUj 

.00000011 _» + 3 ^l Jic 
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11111100 :y> (- 3 ^f) + 3 J ^\ji\ i^u. 
.11111101 : 1 *i\J>l uuftl ^ J**«£ 



00000010 (+2) 
+ 11111101 f-3J 

- 11111111 (-1) 



iijLL. (4_8) JSLiJl ,jiyu UopUJI CJti» IJlS1*j .ijoJMl «-*za J-io (-1) ,y» *sr«*^l 
o">Lt*Jli j-^Jl ^-i: i^ll flij!>U .OviVl ^j Jb-I^Jl ( »^u Jjitj SjLiVl iv- Oy 

.oii^ sjui fi»jVi =jfl t ?wisJi 

.(r->Iljf £-*4-l) *s»L-J-l oLUjJI jUJl OiP- SjUVl iU^; fLsA^I Ojj ,y ll^ 1 
A--JL Ijl>- Ij-S" ^ iJL*Jl fb Lt t il JIpVI SjLil ,jP ^Jl (j^ij £*j>^> i^cdl £-?** 
«JL* h^> Jp iij^— j *i*jj\ j£s . (Over Flow ^'LiJl *JU-) iLxuJ.1 o^jJl jJbJ 

















xSji* 


•jUy iiu 


*AJ\fZt 


ij^yi f^* 




-8 





0111 


1000 




-7 


1111 


1000 


1001 






-« 


mo 


1001 


1010 






-3 


1101 


1010 


101 1 






-4 


1100 


1011 


1100 






-3 


101 1 


1100 


1101 






-1 


1010 


1101 


1110 






-1 


1001 


1110 


mi 






-0 


1000 


mi 


oooo 




+0 


0000 


0000 


0000 




+1 


0001 


0001 


0001 






+2 


0010 


0010 


0010 






+3 


0011 


0011 


0011 






+i 


0100 


0100 


0100 






+5 


0101 


0101 


0101 






+« 


0110 


0110 


0110 






+7 


0111 


0111 


0111 

















(4.8) JSLiJl 

oLUp .bSf ^^j ^jLJ-l alapMl SjLil jL^V ^ jj> i£yw*Jl ^JUll Of Lc 
SjLi'Vl o!i ^IjlpVI J-tf pjii-l JLSi Sjil »Ii \jx . s*L«SCll abja t^-^Jljf £_JM 
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JjS£ villi J*. Jilx^. . SJUlj vrjil i^^l jlopbU »_«,L. Jjii o'Vl bt*y 

Fractional Numbers ij«£)l aU»VI 
^jkJlj £_*A-I j>u; ^11 oLJ-l g--ljJi of ,y> i^-iJl 3IJU.VI JJLc j iKill 
^^ J>JI oil oCL J* Jut s*li& J** jf l^ n$>Vl ^LJLI oLJUJlj 

. JilyJlj iP^J! UUJI 4JUUJ1 otA^JJ xUJl ^^Jl 

oMU-l Iop U . ii jJIj apj-JI ,ju JjU o>& of v^ dUIl . flijVl «JU J^ti «j jJbi 

jt-*" tL-UJ.1 oliJso J ^ [fi» j&a V gulxJU iillail SijJI l^j 0j5j of <_*£ ,jjJI 

Jjti y> dUi . jJ jJI JlSLi^l iJLfc JJ- JU*Vl daJ U^a>- £ ^f a>-lj J-Si -b^. 

. &JLUJI iULiJI JJJ j~£ %\ Upj j& . JUI j^jUI ^ «uviu- ^JJl BCD 

Ji^ . 4 i _ r -S0l jIjipVI J-i*J oUU-1 ,y c-jU :> Op ^a^ iLJLkJl iU>UJI Jjif J 

.(<JL*j 32) oUl>- 4 J-1*=j j^u- viJUiJ 

Mantissa ^j~£}\ cjJLl l^> .,jjfj>o jJL«JI ^j yi iiJLUl *JUjU!| J^ fju* 
^ Ej 4s~£S\ »jJL| M vi^- N = M x 2 E 4i~«a£ j-uJI ^yu .Exponent ^% 
<V* J o-^b ^^Jl »>L| -y JS Jiw .(5_8 JSLiJl ^1) .^j-^Jl iJbJl N j 

. frf^" J£J SjLiMl jU-JI l ^ai\ iJU«j (Jl*y Oi^' I*"* 1 * 













31 24 23 


14 15 17 







>* 1 : 


^j-SJl «.>LI 


Z] 


i 









(5-8) JS^JI 
U1UI.3UU1I JJtr 

,^»iVl JL5LI t yLj of Olw» J?-f ,j^ ioJLtfdi jLueVl ^^ l£j~~^ ''J^ J^ f^>^aj 

jLJl ^f <Ujj iJitJ) iUdj 2 3 UiU J a^-ljii . J-jUdl J ^U-.Ij *i^l -_y. i»4ll aUj^U 
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iUliJi 1^ iJ^ gj* J£l ^-f ilji . t5j-^Ji *j+l !■*» j 1 —. Jl «o-^l *M*Jl ii> 

1234.56 pijJl .^^Ull flfcJl J* Ji- <>. Ui 

.123456 (^j-i^l *}JU) ^-r^i 



0.00123 

.123 (^j SCJI tj^l) £-^ 

x 2 10(^l ^-2 i^) 

^Vl ufj* a-P-^Jl JjiJl .:o*D ^'biJl JbJU J-i*Jl (j-L-f J* U-ULI bJla £-iljJl J j*>X 

* * 

10- 1 <|M|Y<1 
l£^-f ojLu . (SjUfill jf- Jid\ ^yiiu AjuJI) l £ J ~£}\ *y»U iiUall i*-iJl ^»o (M) <l~s>- 

. 1 - ->. Jif fclaj . 1 Jrtll >Miu. j.^ 

2- 1 <|M| <1 

SjLiVl dJUi J Lc ^-HJ o^.j 8 ^^iil (5.8) JXJI .J J^JLl J^Usll J 
jf {fit .il/iLl J-1*JI jj» IJL* .SjUiNl dUi J U n^j^SJl *j>JJ iJLa, 24 ^y^aZj 
jlO*Vl <JL-*J JLpIj>aJI l>j& of ,_^-JaJl ■>• . iJlp Hi ^^ lij ij^i ^J^»J J*jC~J 
.i^ilil 0^'^ |K^f fUjVl 5JL* J iLxUI dJULf -^ Ijuw JtsT iUUJI UJLU) 

Jj»>»j jt^*' of t_-4 Ifif ^) ^kJljf *_*^-l JJ «i***«jji Oj5i uf» <ws?r ■jI-'^-VI 
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^ t l*~J iiUi\j i>s~&\ *l_j»-Vl Vj-a ^j^i\ U^e. jL*Jj j£s .(ajjI^j, ^ u f 

iijUlL 10?- iiAu tilJkJl iL*»UJl Oljjj JLiU OjZj Of ,_^JaJl ^ . pJLdl fc-^wau 

.Aj-UJl ioLJ-l oljjjJl JLiu" «_. 

jJlij JLjcuJ -j5Uj tl» J~kJ Ij*>- t,^ iSJQaJl il^UJl oIjjj JLAo a^-j lij 
i^«Jl oU-Ull Jil^i ^ spLi J^-ji ^11 £dU| iUUJl oU-bt. ^Xj (iijb- Sjjk. 

. SjJlL* Sjj-aj iiilaJl iJL(»Li!l ,_jL-s- JLio ^ . V-LiJl 

JSU1I -^ ^J, d i^L, L. J-^if SjU y* Ijj «lu^j ^Ul tUUl iU»UU J^l 

Jl» JUpVI J^ oULjk" j JU-I ^ . tilL, & Ji c l^ ^ 4JU aj ^Jks ^Ji 

JJb V Of ^-siljJl ,>• 0> jf tfyJ v- 1 ^ 1 J ^i* tla>. ^L £_*Ldl -^ V ti^UJll 

JbJb»- JJUi) £>-U-l Ux . CjIjVjJJI -jji *_»VF SJlP £^*j£ J (Ob^ 4**»J» Hjru^* tla>- 
.BCD-; J-UJI II* ,^Jb t LLL. /i \^ .i^sJI J ^j J£! ijkUi. & ,j^a, 

Binary-Coded Decimal (BCD) ,Jbl ^jJ» y»j 

& iyuJl iysJl flijVl ^j ^ .Ja^ ^* (BCD) ^bill ^^Ull j^Jl fju 
4 .oUily 3 2 ^ o^Uj «%*) .o^j 4 JL^I ^Jks ^Jl 9 JJ ^^1 
: ■&» . (Ajj-t>P ^lijf syLc jv^-jJ 0%^ 4 J^jc-j dJUU . Uily 1 6 ^ji oMs*j 

0001 H Jig 1 

1001_j Ji£ 9 

•^ oLUIjtJl ^t_waa k&Ji iJiiljj 16 tUj*P aij%s>j 4 Hjj .(6_8 J&JI jlsjl) 
oUiljJl «I* i^>-j . BCD (H-y J v^* 5 jj* 1 <l)j^" ^HHj <l~o~* ^p 1111 Jl 1010 

. ijiLJ-l oUUjJI J*jjo <U.n."»II jj- 

. £J%*>j 4 ,y <-ii}* }»J ,j&*j£l~a BCD ijv*ij a-^ OVl JjU^-*. 
0001 (1) 

+ oon p; 

= 0100 (4) 

1000 C8J 

+ 1000 (8) 

- (1)0000 (?) 
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jj> ^ ^ytjJI *lkJlj (10 ^f) BCD fUaj" J ji^xi i*£» (1) i^dl 
»._*£ tiJLill ilJpVl p-oJr v^' Ji*l^2Jl JUjc^I i&~ ,h**J>\j il£ill dj& t)f •»-£ 
«_*• v_^i n5j>-f ajL*j . U 1 1 J| 1010 ja v^^U' ^^ oUil>Jl « Jy ^ _^iaJli 
. ipjull oLiiljJI (JLlai ,jjw» ^>«s^Jl »-i* ,*-*> l(~>- *>«-~Jl Ji 6 

:i>~Jl Jl (0110) 6 J 



1000 
+ 1000 



re; 
r8; 



- 10000 (**>~a+j± ***=!) 

+ QUO (+6J (*«wu) 



- 10110 06J ( 



£ 2] 2> 2° 



loooi 

1 1 

3 11 

4 10 
3 10 1 
10 110 
7 111 

t i o o o 

9 10 1 



(6-8) JX-tJl 
BCD JJLc 

liJUJLJ .^>^ai\ i-jij^l tBCD ^UaJ J 16 ^f) 6 jJOJ! i»^Jl o-U «^j 
jj>-^j A-*Jrl I4J bj&> jdl oVU-l J tS^-Jl Jl 6 «_#• v_*£ t BCD Jjli JL«i*«<Lj 

oJLf. t)Ui . l>jjA iij***i\ oULUll a--^" t iiLiA-l J . *-«JU .a*j JLiJ ,^Jl DAA oU-JLuJ 
^ >_,, II . JU-Uil ijb-p ^io./aill ?c_<^l _y JiCij J4aj LfiV i^-^uJLJ j*Jj IJL» . oUJjcJI 

J.Q.KX..-II LfU jviSUI O^ jJl t-^l i_-~-1j>- ,yi OjjiaJ <i_fujA\ oLi-Ulli . ^jIj _j* dU'i 

JiJ 4ol» A^U-I oLJUjJI CJI5 «<iJUJL] i>wi .i^UIl oliJaJ BCD *k~* 5Ui 

. ijivaJI oli-Uil n±'\'/i~ J} «li»L»uJ 

J| L* *JUJ iyuJl ^ iiUii ^Joi\ jl^Jj <~£ .jfA Vl^iJ ^kll *JL* Jjy 
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i^Jali BCD oLJUi S_£? jf hji^i\ oU-Ull ^ j& JbL| .^J .^.Vl jjlJI 
J DAA JUiJ JJU-I .1* J ^^1 ^ ^ .£^j SjJiJI ^ ^L^ ^jft iUUJU 

iJp ^ik^i o!>Uj 4_, ^ BCD ^j Of Ult ,/ij*p JICS1 j^lkj SjS-\ 
.aLuJ (c/>U»j 4 ^jLo Nibble Jt) Nibbles i^LjJl objU-l -^ ,>jp J] U ^jJLp 

£s* cMj «j^' ^ J*^ 1 «>* «e* L J ^ <Jj f cM *Vr»>cJl v-Ul «>• 
JS j BCD pij -y ^L ^W BCD lJu (J pj i .BCD -lijf oUM 4*Ul 
if^ ^U-iJ • ^ s*jtf jjp U*p a^-lj cJj j sa>.!j i^Lj Jaii ^t jf ^- jj&y . iU 
o^jUjII J*b J Carry J^ jjji 1*1 t dUi £-, .S^ JS - J 4L.U oUUy oLUJl 
£4**cl duJ-l li* L^ii - ^^J (UjUj Jp ^11 Ji SJi^lj i^Lj | y)_ i^dJ 8 Jl 
. 4 iL^Jl Jl 3 iL^jJl ,y JjyJl i-iiSJ is«.U. h\j *L<y Ji^ly II* UUs* . is^dl 
^ j Vi 7 ... . *U*»jJl o±» ot a>J X* . jWl J^aiJI ,_j -jjJLI (AC jf H ) Jiy>ci\ <-L*l y, IJU 
Jl XLaA iUdy J uCjpIjj £_*• g^j (^ i_«-L. ^^j*^*; J»* JUL of £-*jjU 

• <Vj 32 jp-J 24 jf 16 J^j jcJ^i id JU^ J**i-j oVU-1 ^Jpf ^ 

Jj^tJl <iJ J * U x-,Jil jIjlpVI J iIU-1 ^ eJu .aJU JLiJ oUj- Jp J^jJ-I ^s 

.Basic J ^a^Jl JjlpVI Jl. J^WI p^-jxllj 

J* iaJLkll iUUJl Jjtf f Jiju- tii^l JjpVI l^i J**i~J ^Jl oVU-l ^ 
yL-a- ^e- 4»aLi« iijj BCD J^cu«j i^UJil oliJal ilU- J . Ekif LL> ip^ i_jL*»- 

. <LiL«»- ip^J _^J«>. OlJJu 

. u^aJl Jir uij? ^ku-. . il JpVI J-if oVl luJU; 

Representation Of Alphanumeric Data 
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J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



10j hJc^fyi Lower-Case iUadl <-*jj}-\j Upper-Case iLaixLl ^jji~\ JJmS \y>j 
s^jf. . ?j .j -j + Ji* i^U- ij^fl- o!5ljSwd l_^j 22 JiVl ^&j *jjis- Aij\ 1 J Jjaj 
iJUly 128 J cJ%*j <**— f^— ; . iJbiJI jIjipVI |»—jJ JiVl Jp cJ%*j 7 JL*i-.i 
oLA«il tjf , ^-* > -.J iLL* .iJLcill iJ^J-i o^liwill oU^jf £-~«4- V^ (_$*> i^f 

ol^U. JiJ [Vj- JpVI o5U>jJI] (MSB) iJUiJl olJU^I SjIp J*«LmJ .o}U>j 
jjji» toUjJbJil ctaL" J-f-o" j^i ^ .JiJl SjjUipI 0^ J^-f dr* Parity if-Liil 
ij^LaJ! Ji_jj»jJI) c ^-LJaJl ASCII L^ jl»-Jj->Jl . iL»LS Sjjt/**; o^LjC-o oL-Li Ol^-iji 
^ r ^,\ J >Ai SIjSj) h mJ **A oU-Ull 3i\£} Izjc Jwcu-j ^JJI (oUyULl JjU ij&^Vl 
jJu -u£J ASCII *li, EBCDIC fUU .IBM aLxlJ ^JJI EBCDIC j^jj tfcs^-Vl 
t_J) *jjli» »UJf iu«^ «*U? >-_ . 1 Utj If Characters ijj^-' o^LSlJidl ^y <i~». /«-jLsJl 
Sj^iil iJL-Jl ^l>Vl ^-JL ASCII fllu Jut J**s-j .£-jI=JI Vjr 1 -! o!>L£jdl 
..> J>JLLI J iL* ASCII j^j .IBM Sj^j-f £_. LiJy iJLk, ^ I. t U* 

iTjUJUxII J ^ jcuJ . SaJbtf i*»L£ io^i *jl>cJ o^LusJl S\j <>• J£ d>f •>* dJUi J ^-Jl 
jji lij .i>»j»»v» SjiTr^ ("-^^ il»lJLJl d)f -j^ J5"tdU Sl_jj*-* j«-Vj1I r^-r^i ff-J^I 

oLLJl Je£ Of g-^ll Jp v 5 ^. tVl*>i ^tall JbJL l^-^Lir Jl QjA o^XixJlj 

External Representation Of Information 

oL^LJLl ^^yJ iJlill «i^l .L^jU- oUjJUil JJUJ v-sy O^" *£** J>-y 
12.3 ^^^uj A Jf A t-ijJ-l ,j^yu itUJU . ^j J-ii JUjC-I ,yi i*»^l. JLSt J^j 
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9 

£jjo*~. Jl Cj\jy£- p-Jto i Jam »_j>«-^ajj >. a , X& 7ts\jjt iJLiij-l J L j^yu . 1 2 . 3 _5" 

JiVl gj.ljJl fyaV JiJ-l *j-J .^^i-Jl JLJbM LjKJio ^lijVl ^^j, tol^^k^l 
Jif Vl£il J*«i-j, _ UiSCJI I4J \s :jl>- j& N ^ _ SjSI JJI J*p ^LJl *_* LUuj 

. c/5\»**Jl oL^jtfjf txJLj ^j^yJ IJUa«j 

^'bill liU jJiUl JJUJI JLxu-Ii ^ v^JLuJJ J^Vl ^ t iJtJl **>" 
JU*x«.}U i.* 1 ^ JS'Vl y> iLoj^c- J-JuJl IJL* .(Ifa^l) dji «iJjVl» LfJUj oULJJ 

















jtdi jbJi r lt; 
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(7.8) J£JJI 



hj^>aJ\ ti^u^JI cjU-UII jIU J J^Ul J^l o^l ^j lAilliJI «j^I ^JG 
oljj^k; t$j^ L^) ^Sbill JuJL J-i*Jl Jl l-J^r V-j* ^>~<"»JI i«djWl .Hexadecimal 

cJ%pj 4 j* iiJjll iJUl it~Jl cjUuIjJI ,j*~S . ^l^Jl JL«JLj •A'^wall l^iilSU J;£*J 
1111 Jl 1010 JJuJ F Jl A ^ •Jy^J-l J**x-J . iJi>oVl >>. JjVl iuJl uJ^VL 
0_^ ^biJI JJJL flijf iJLi (^-j V^l y iSj£>c~J\ fUiJl «>■> . (7_8 J£jJl j&l) 

; ibiVl ^^aju Jj JjJ . ^yLill JbJL Ot>Loj 8 jj> iaJj^i jj^j 

11111111 Jii FF 
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00000001 Jii 01 
00011010 Jie 1A 

j\ cJjLs» . hyu^\ oli-Uil il* J ^jJLx-uJI fUaUJ y">UI r^U j>-\ (_~- 0>jj 

.i^waJl oU-UJJ ills' JjVI Jl>-^l JaSU-j -j- SJKj cJlS (qU. 16) ^-JUll i^J 

£j%jsj 8 j/" iiJ£° oJ^-lj i«JS Jl^JJ ,jSv£ viwJKJ ^j iO j-ijJ 7-liA« JS ^JljJ jl ■jSCx 

•j^ Jj^xU Ak«-; Aj^ljj ojjp J**^ . Oy*-^** J*** Jyk J*^ til j' •jS'l-ill Jl 

pJLJLI oL^ki o>il j-ljJVl *_Ji>f jU JllJU .iyL*iJI ilJLpVl ,yiyJ (r^Y 1 

.'oLi«lj iu»j JiVl J* »^jj£ ^yw»Jl 

, otAv*j SJUi; 5_^SI JJl jl ii>"5^*~Jl oLjX^ jlxol uli-^lj o^S" * 

Representation Of Instructions dUJaIII J^loj 

^J. ^i . ^^waJI ^JUll Jl sUa** j^ljf ^ oLJLdl jf jlill J-^iJI J Lfj 
iiU- ja oU-LdU Format J~J t &%^>j 8 oli iytyaJl oULU^JLI . *5o»-Jl 5J>-jj 

. iujljl iJ^jjl (jvjl_jl oJ^-1_j 

JjJsf bsj oi>-f iuJLL> (jiSj L*JLij Sp^ o.slj tS^wii i*JLcJI cJlS" (jiS - 

. fli}U <*-bi <£JJl ■yijJl iljj SjSiJUl ,y oUULl jUso^ 

•jSCJ.1 c-tj.'.sd.jl *ii . i«5C>^Jl jf ioLJ-l jf JLikdl oLJUjJI ^f . oJLiJ tw*£ ^JUI ^Vl 

. (jyO^ail ilijiljj -bVl Jl_j o J*?-lj oy. AXjia ^j (JjA+e 7^^> A& jj*^ <-«l^ 
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y.i.i'. i.. '.rudi.^.Li.iu ai.u i. i..ij i i.i i .i .iii .■j.j i. Mi: 



: Ji Lc (8080 i*JUj) LDA addr Jjir ,^£c 
(iUy 16) oly* 00111010 
.(ol^J^^j 
i>* 1A/ 1 " iJL-*^' Cj%*e>jl\ SiU Opcode iJLmJl j^j Ji£ t S*US0l J^-f ^ 

Jaii ^-^-jJ jl iJUjJl jaj (Jp t^-»-ji» i<jpl (_£*4j • I j_j-«j i*JUlJl CU jlc iibjJaJI »JL(^ 

«wvj**ljj-l J jlJUxII _j* IJLa . J>«-J oU^I_y» if ^yi-^i; V of <-^j ojJbJJ oLJUjJJ 

a_ILJJI ^y 7<-*v»i ijJwdl oU-Uil JUjC— I -UP) iMls^l .SJjIjdil l_*-*IjsL|j iji^aJI 
of ,j£c jJl 4 J>~J oLis«l^» if jf iJL**Jl 4-.»^J (Opcode iJLjJI _^j» ^Ml flJiiwJ 

• J*W J*'* j^ 

L.J iulj ijU- jU-Vl ,j^*i J J».«.:».i .(iiL»j 16_jf 8) oly^jf (oUL) J.I** UJ ^^ 

. (Z80 ills- ^ oJa) . J}j>- i\jcj>\ j\ i±*j> y>jS 

djjJ- ^s 4 «-fJUJJ i^jj . i^U* c^j*^» £-"*!• V-** >°^ cj%^»j 8 iaii *i>-ljx; 

iyjJl ^ili) £j^ ^ili SJlc- j^ijj ,_*£ dUi ^j .256 ( 8 2) iiJbiJJ oUJLdl «_J^f 

.kii iljl. II» .iiJjjJI oIA OlJ-«»j ^ya^aii JiVl J*j SjLpj (olill J-^aill J i>jj-L. 

.<5oT iibi i»JLj 64 ( 6 2) -Lui J[ . i J>^~\ aJLjJI J^J O^j *L- 

4JLi» 4*JUj 64 ^^f <d o%^j 8 a**«j t£/i*» £-JU-» ^** -^jj "^ ■~->>Jl IJIA 
oLJUJl ,y jS jJIp ^p Oj«'.,/i,U vi^j L« UIp nJJWl J-^aiJl J U^j (^ ,iik^ 

"L)L>- 3^>-j ***-A» _^» (_5^<wl)l «Jl*il if^ <uUaii L* J_)f of J-^aiJl l>i* (j LJUj 

Jii iJjS 1 Lfj .^ywaJl 2^1*11 J*- «J-iiJ J^? Tf-^j 1 . Jl irfl— i-l »Jb-_pl i^^ Ji 

iJUll v-i^U-l iJj cM^t>\yj <~~£j\ JijtJI i«J *#_^ oL 1-a.^jj oVl yil~-» 
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J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„l.' 1 1. 1 l .l .lll .'.l., i|. '. II l.l.Tl 



: iJLJl oU.lla./ill Sj* : 1 _ 8 
Algorithm i^LJ-l SJ^-jJl 
Program £-<lJjj 
. Assembly Language JjjtJI i*J 

^Object Code ^^^jhdl j-^lj Source Code j-Uail j^j Oy <jy& j* l« : 2 — 8 

*_jbs Jl» 4 ,il jUsM *-~«>- *j*A £-^ Flow Chart oUUjJI jj~. Jak£ ^ jl : 3 _ 8 
. ;*-J0 ii^j -U4^j jl ojLu> jUi-iJ «JU <u**&l.i oljksM 

?6 1 125 t 46 t 12 :^IOpbU Binary ^Lill JbUL JjUJlybL. : 4-8 

t -3 t 5 :jIjlpHJ J\2i\ lilt JJUJI jj»U SjLi'ill <*** Jjs JUxi-L : 5-8 

?46 t -32 c 125 

i5 t -2 1 2 :J-lpbU ,jJLill lilL Jjt^l jaL. Jb-ljJl ^ JJLc JLxu-L : 6_8 

?43 4-32 t 125 t -5 

t -3 t 2 :.>lapbU ,^'Uill Ii)L *JIS0,I y»L. Ol^VI ^ iu^ JUxl-L : 7_8 

?-32 * 125 t 24 

.5^3 Q^aJI j»i 1 1 0j 1 5 J juttl ^ ii^ *_J-I JLiJ : 8 — 8 

UJJaJl ilv»LiJl ii-** JL»jc^.Lj i_ r -5CII ilopVl JJSi j£c tjljS' rjJi\ : 9_8 

. Floating-Point 

JS J BCD ,jvj, l^T <. u »y4>).\ BCD fti* JUjc-,1 BCD J^i Ja*l : 10 _ 8 

.99 t 56 c5 4 12 :5JUI ilo*bU t £U- 

4 99 t 78 1 46 1 12 : JJtdl j|j*bU Hexadecimal iyUiJl oiilSil i^l : 11 8 

.4096 41024 4124 

. i*Jjc\i Opcode J*J-I iJLp j^j ^-jjil : 1 2 _ 8 
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J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



f 



yJiiftir w^Lajr 




UJulfJI 

^j X^j 8080 4j jJLSill SJL>-jJl •jU.a.n.X^a SJj«j i^i Jj[i«f L^ajiJL y£>M . AJjliJl 

.,_$_jlJiI iJLJl v_j^.UJ-I oUJ 1 jjJLjcl«ji iL_Ul is^ydl p-J>\^> 

Assembly Language Jj-jUJI &J 

(_sf) l gj£j£*J\ *lkJli S^iL. ifjJl t\yr\ l j5Cx d~j»- iik™Ji oliJadl IjLp IjJ 
iJU iiLjf Jytll iUL 4 SiU Ai^^aJl oULbdl gj>jS i(J\£\ JUJI ^Ikj UL*p 

&*>Jl t^JJaS jfUi . Jof .Liu i*j**j j^ai\ g-*\j> JjjtJI i*L 4j£jJI ,y £_£u . t^jsJll 

.4JU3 p-*!^ ^jt** <iiliS" .l$*Jij jdl oUJL-dl ?\y\j Assembler 
:808 iJo-jli ^.ULl ^^dt ^ji c &, #0 JU*|| JuJL o^l 

ADI16h 

110001100010000 

■ t£>*J jf ^tjUa^l J—J oLJUill JJji jL g-*j*Jii £-*lsM (tJrjill £-•— i idllJU 
ACCjf A J*«-w Accumulator a-C»JJ J*ii •_•£* .ADI_. Jii «ljy *-jMi ^i» 

J»«-Jl ^ Jj jf -j5UII -yi .O^jUtsJJ e^f »lkp| \»y*& -_/xC -c5^>-Vl jj^jJl ,jA<«Jjf 

Lfj .J^joJII JJ -^ tj^ui _^-l ^yj ^l ^f jf «Beta» _* 1 J^Jlj «Alpha»_; J^> 
. g-j&j)\ it.\Jj i.lxS' J^J ^Jl 5JL»jclJ.I oUUU ^f ^IjSil dUiS" jS^ vilJj <uJLi 
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J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



J«tf ^ oli .Ij-f *lki>l ,>& ^JUJJ . 5 jl 3 . 1 4 1 6 J ^J cUa*l -^ dJU JS - . SjSIJLIl 
. Result j Character j Pointer j Table j AGE j PI Jt. jj^Jlj flijVl ^JlpV 

^^uii-iJ jJjj tjijtllj i?-jJl U** *L& .(^j^f 4~f ijj> £-»U-l |V^->Al jij>; 
ilyjJl Jaij fej^Jl »lk>-l «_-»L^-l (t^-j^l i—ii^j . «_j>t^ j*p ^Sy i_i£5o (j^s- Ua»JU 
JmsLV j4* liili £-*j .«0*jJI •lr-^ J 'us^ 1 J 1 ^ 1 -^ ^-^ .o%Ull ^fj 

. p-»j^-\ <Jj>— • ^j* <JLilj . 4jikL» *lk>-f li^U>J 

&L t_^ \^>- Source Program «J*oVl ^-oU^Id ^ Jj £-*1>jJI of jS"JL: 
ijJJI t iSW iilyy) Jl^l JuJI >y Jl ^U-l <**->! JJ ,y j^tji Uau>^ .JytJI 
^^i^, ikL it_^Jl «js; . Object Code ^y^J- yj Lf *^, (CPU l^*^L" jdl sju>-_jJ| 
iJLj JJ pjfjfl . ^'biJl JuJI >^ J^iUl if jJl J lifci^ ^1 JLidl oaUS" ^ J^tdl 
^ sjipUJI o-U ol*l£~.^l Jb-f) . ^Uill juJIj s^b-lj i*JU; J[ Jjjfell &y~j> aaL 
L^j ifjil oljUJl j* (jij^r ^ji Jjjtdl *ii jy . (Ub-V aj^^I iywiJl oU-Ldl 

Declarations jt-ijLaill 

}J>£ ^ji . ij^j 0JJ-/9J p-^jt *i^ J.»fl..,-. "' CtM 4-^»Ui- OU-Lu ^y* »t_ijUaxJI 

Udal 7i_jjU<aJl J».«.:..>" . ii*^LJU «_i>jJil 1.^.1. i> <* ..,i j jdl jyJJ ^^1 JOuL ejlxU Uu^ 

ORG $1000 

(•~» .S^JJl J (Origin J-^Vl) ^^l-iJl 1000 0lji«Jl J *Ji~- p-A>j& of J**4 
II* ^j*— j .SjS'IJlJI Jj>-b aJtfi jlj^ j 2-j.UjJI «_2j iJU»Vl oLi^l_^l,l oJLa Ji« J*xuJ 

Jjli j*-*ljjj i*«"""i !_^IJJ1 (j* jl£* (^1 ,j^ Lhj (_gJJI «_»LijJI tdUS i _^Sjuj .Hlk* itf.^j 

liJU 

J JwCL«il i5>»_^l OljiJl Jj_^ v^ •jS'UJl J JiJJ Jti 2t*^ a-s^j J>-f ^» 

jdl tuVU-l J . Lxil g-*\jji\ Ak-lj>* i«^H 4jLa Jn«a^ . il*3 /jjjLp JJ «_«L;^J| 

SJb>-lj Ojj Jaii p-al^l »_JLpI Lfd j»i\>«JI Ll^LiLJaj J ijyivjJl oli-Ull L^J J»jO«j 

i_Jpf Jj t^lUrl .Ailk. •jjjL*S' j^l^Jl Cfiu" dJJJJ .Ia^jJJ ^ X? R M hj^. 
j>-j .iUi Jl iiLil .!jSIJlJI ,>. 015U ^f J^b^^ g^ljJI ^ Jl ^ t5>Vl c/yU-l 

403 



J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



<T* Ijij*- . <i*»j-y p-*'or" t>" <■»** J^ 4>k **^*i **j*»* **jjl» -k^ "^ U^ 9 tOi—***" 
. iiUx« p-i\y Ji <ij^ (Ji^ u^*s* *«a>6j g^»kjJ\ libS 

frlj&l t_>«LvJ /jjjLi«Jl cAov?ijl y r -»..,. j' j^j«1)jJl1 « j>>.,/i'l .UAvJl ^jjWxjb *Ji>«X»«J 

Jf <_*£ . (Relocatable-Program) J&U JiUJl g-^UjJl SJb'U ^via ^ . g-«^jJl 

. "Jb ^Li^Jl J>-Ij i»JU; J£J ol>i«Jl <- r — 4 Of J.O.H.M..AI 

ADR1 EQU 1000h 
J J.«.-;„„U ADR1 >.jU ^y^ouJI jlUl OljpJl <y. 1000 Of SjUJl »JL» ^jJt! 

j»jj oULJl jJI^ Of <~j£ .jdUaiu tjcJL-j oL'LD isyj <*-"! u-*Lr*' <--JLI * ^; 

DATADS1 

.(8080 Jjjtill &J J) Data SU-J.I oUUl jJUai S_L>-lj *jU>- Ttjj-^dl 1JL* Jxi£ 

TABLE DS50d 

t ^»Uil ili*f ^ iJ^ 1 ^ljL*J' -Table SUJ.1 oUUl U£> Jl Bytes &U 50 *jJ- 



VAL1 DB 10h 
CAR1 DB 'A' 



. Vail yj\ Jl ^ytxu- 1 i^aJl JjVl iJUdl ^^ai; . oUUJ U*i y ^/i ^j 

^jdl pit . CAR1 j 'A' J J.UII o}Uj 8 iw, ASCII _^)l iJbJl i^JLdl ^^ 

jL-j Jl 4ll SJ!>li S^.U-1 . ,/aII JuJI >j ^ *Ui L. Jl 'A' >^JI Jy»*U cr*^ 1 

.ASCII ^ J^ JsS^SJ j* >jll <tf ^U-l p^jil pXu- j-jll uAJ 

Octal JUJI JoJl ^UU Jl. oUUI <y c^f gjjjf JL*~-V JJLy juj-jJ cHUT 
Default ^UiJI jL>-Nl £-*Ai (jUi) O _,f (i^^ixu-) h _, a JvJI ^ (1 li] . J>kii\J 

.(^y^)dJ 
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. «End» 
Executable Instructions jj&jiij 4U&j| oLuJjlLJI 

Jaii j^-ji" ^i .8080 H l^'lj^l l_*£ ^11 oUUxJI j'wJ oUJUill aJLa .8080 J 

iJL*)l -^j LVj ijJLaa- J«» J&& J*)l i**W of JjUI J-*i!l ,y villas' ^a; 
oj-lt U"j i*-U* JS3 uis*U^l -je^F 0d*>- £-.UU ^^d! ^^as, . ( J^J-I J) J,Ui|j 

. tfjU*.^ olii^All Ji>j ^jL&^l OljuJI 

: 4j* ***Li.| i*-jxJl iJU* t^jiJi i~jVl Jjr^iLl 

• tiJV 1 ' Ol>0Jl _ 1 

• V>ljf J-Ull - 3 
.oUV*ll _ 4 
. Jjii-I ol* aJUI ib.Vl «_*Jy 

Ul :MVIA « : 4F ***, ACC J^ 

* — ■* T7 I I ' .Sa^Jp Ja*. JSoVI j^^, 

£-*~e ■ uf*!** 1 V^ J'i >*J Label Field ^-itdl JJb^ Ji^l Ji>- ^»_j SiJS 
.^JJI -j- . UUall iJ/Jl ,y Ma- t| j*, jj& JU.0U-L <*JU; if J| fj^-jJl; jaJ-l I ju 
Jl £W* ~*v* u ^-> -^ -«=■* ttLUi Cr*J ■•»** Jl M~" js ^k/M of 

'^i* t ( j£*il ^ £^oj l5j^ jvJIltJl J>U- ^y .JyixJl oUL* JLiJbcJjf oUJUxll 

& t|f iUS s^IpV jl>^Vl oji j* g-.UjJI J*b J i^ uui W~" JM 
Test oly*Jl J i-J^ 1 •*■*» i^ il*/ 11 i*JL*=Jl ja*i) .^^Vl Le-jti\ oUJUJl 
L^La* ^1 ^ (^lapVlS) jlk, j^ i^i ^LJl -jp^wdl ^^ lij .(«JLdl 
j^r-jdl (->. . UUVI oU-lcJL s/laJI J « J.L-VI _p*; ^jjtu-i oLUl «LS c-ib U 
• JJ*S. V-WI i^aJl -jijbJl ^ (j[ i^Uu-VL ^-JLlj JL^^I S^a *L'f ^UU| 
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CjL»Jj«j 4*j*#jI oUJaj" J] tyrj\ ilr^J-l {f F-r#i Label jrwtdl JUjcu-L 

f.U Of l_-£ ^ . iijs- o^LiCSJ <u«j JjUl i^JLii ->& Of ^b«ll ,y> . (flsjfj >->?>>■ 

. ( : ) i>-jlL> L j i ^ J ^-ij^j 

jJi^ Of (_j£ i^JUl (jldl oLJUjJI j^j Uif ^^.—ij) oU-Mkve.NI _ja jWI JijLl 
JaJ-l ^ MVIA .5Ut jjJJULI Jill J . JLfc Of s^ i^ 1 oUJUl L>j Jic ^j . fcb 
j*j JUj S/lill ^il^. oLyyt ,y Lu Of >w*£ i^JUl A ^_X=rJLI :>Jb£ ^j ^p-tAk^l 

. J.UI y. villi .Sj-iL. iJL»*Jl 

^*J .oULdl v^^p- aJj v^il^ .Uju; JtS"Vl y.j J*Ul ^ eJliJl JaJ-l 
js-jt (*L*>j 16jf 8) ^y oUL, (iU»j 16jf 8) ^j 0I>^ t> c£^ ^ u 5 ^ 1 

JajCUJ Of ivUU jj^Jl ^ jjjj jSis S& Jl A*U»1 . (P + 1) Ji. ikjw AA^>- ju\m 

.' jh t = Ji-JiJ-l dUi J^b 
Sjjill i^aJ-l J.<tj«.".-J .ijJtjcuJl i»-SJI (Ji-jcJ (Hjf h ) H i_»jJ-l Ljcu»j 

oLL-»- -l>j>J (- t +) ^yailjj aJlj J_^«jJl JUxu-iL; ^-"U^l *>->J.I «. .»..>i viUiS' 

ADR +2 

:+2 _S" (ADR i*J) ijj—sJLl 0I_^jJI A~>rj cjU*»Ij1I »JL* 

iJbd y^S IfJO t ADR ^uJxj 8080 J* i^Jblil jj> *}j^i\ JUwiJ -^ V 

LDAXrp 
0I>*JI t#f) X J>Jli L«J1 ^,-ijit o/IJUl ^J\y> oly&j Lo Of ^ A £-I?J.I Of ^ 

<,J»«~JI pjj oU-sU:! ajj^jJI o}Ul~JI «.L-f ^yi Of J^Wl JiJ- j^c 'Ij^f 
ADDA.D 
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iJLdl of ,if .>i« W<Ji ^"^ U»- k> tr" 4 ^ J- 1 * 11 J^ & 

uJpf J *-JU Si>* Jai) INDEXED ADDRESSING i-^ill Sijull *JU- J 

Jl ADR i^aJI «Uik *J&JI ^ iW ( 808 ° «J ^ <J*k i -^ wJI °M:WI 
. X J>~JL 5jIp SUJlI INDEX REGISTER JJjJl J*w olyaft 

i.|y O^^J £-j^ WjJ f-^-J tf-A?^ _** .olii^ll J^y* ^jljJl J2J-I 

Si* l^uJj taJ* "5l>T oUfe-*ll J>b- l_J*V <^- ^ u 5 ^ 1 a* • £-*M <P -> f 

Jp it^Jl JUo iL-jJl «JL» Ji* J^ljd V . Jijf-Jl **U i*f ,i>-f 5j^ oJa . ^-jll jli 
^LJLI ^jdl JJ ^ J-KJL crti^l Ji- J^- .,/all aJljt ti^i^JI c5^ll 

$ 12 li| J**^. Of ^ ^i* .>-i Jl £-1*- frj* cy ^j** 1 "-&% ^ u 5 ^ 
ifXZu j* o^Url A^>l olJ»-j]l ^^i villi £-y .i^i-sJI 12 JL,a»d 12Hjf 

,y Jbj.j-.j A-^'j ^■ J r" Ol0>-J (i-As-l ^ |J»«S«.I ^» J»jC~. ^f g-. Ja . - .. .i > . ol* oj_^aj 

.^Vl 5Jb-jJl Jl Jpdl SjIp J+Jl 

MACROS iualxUI Cibuiiill 

oUJLdl . i a j\jd\ oULdl ^ ^LJU ^jdl l^JLi, jJl ^Vl 4*>UL-I 4Lf-Jl 
oLJU; a-JL^JI oL-Lcll Jit .oU-Lu i*^ Jl JaA\ pJ)l\ *J»L-i ^ iJUzll 

v^ ^i . ?«-*ljJl ijtS' JUP cJ_)Jl A*Jl»cJl oUJbcJI ji_jj . Jaii "o-lj "^ ^f^j aJjj«i« 

iJL>.jj SjuLI 4*«ULl i^jdl SJb-j j4i£ .tkiLl J.U&-I JJUlj 2r"ljJI »*lj* J* •jJAll 
i*JL»cJI oL*JLidLJ Sl»jj-i-« a«-^j *^y *s!-»ju p-*.~S viiiJJ lisU^-iJl iJUJl oUJUxJl 

c J*«; jf Lj^ff liU j'ill (i>- .^--•^- , c^rj^l oLJLiu j^Ji-_>f J-JI 0^11 \±k*>j 

TYPES OF INSTRUCTIONS aUjIilll ^1-^1 
of -jSlc S^JLjcu li^ of U-krjj oLJLidl fl_^f i^ h x^u £)o JjLJl J-^aiJl J bt>j 
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.(I/O iiujf s^ii) ^u^ j^f twdi oUJbJl jjy _ 1 
.(MPU i^Jl U-WI so*.; Jl iJU-b) o!> u_j| ^ oU j U; jj. _ 2 

.(SUB j ADD Js,) iuL^ oUJU: _ 3 

.(AND j OR Ji,) iJik, oLJU; _ 4 

.(SHIFT j RAR Js.) SKEW uil^Vl oLU*; _ 5 

• (A^lj g>cJl) (viCxJl oLJLu _ 6 
J~^' <^ f u*S i^l ^M-Ji ,y g> J* J i^Jl .ULcf <Ui^ ;^ lJ ^^ l 

. 4JjjJl -^ s^JL»cu LLvLcT 
.iS^Vl oLU^II -^ Jibll OLJ.U jj of v-Ull v^-I^Ll >1U j jladl -^ 
^ iv^IL fal* j*s Jibll tjip oV i^Jl oULUli Jj^i liA ^ ;:>lp ^ ^ 
oU-U ^ iu l**^ J, iildl ol^U; >* * dlUJ . s^lJUl l«J j^- jj| ^jji 

.Jill 

So- -,U-I s^Vl ^ jj oUJUJl ja 
i>*Jl oU-Uil 0^ ^ ^\j =ju oL>dl JL^ ^ *J_,>_ ol^Ldl .JL* 
of -jSUll & .(1 _ 9) jSLiJl >j| jl^| J^ jf i^ju, ji, 4foJbJL , ^ jUL| ^.^ 
"^ & *bU\ o*** r*~ . tt*y 24 jf o^U, 8 Jjk Ul oU>il O* Ji. 0^- 

:8080 oLJLu 

LDAXrp(oiUjS) 
LOAaddr <o**»j24) 

ujriU- <JJ ^jll JlLiJI Dl^uil oL^aJLl ijfcll iU*Jl Lj .^-^11 JJ ( E_, D _,f C_, 
oU-bJ . 1L. aUj J^ / s/li ^Jil^ j^^ f ^ ^ ^ . 0UL0JI ^ 3*} _,f 



408 



J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„l.' 1 1. 1 l .l .lll .'.l., i|. '. II l.l.Tl 



STAX rp <o-sUj 8) 
STAaddr^j^t) 



Sj-bdil SjS'lJLlI JUL* *-i\j* J (M^J-I oLj^ (,«M*f jljjjS'jdl 0U*JUJI 0^ 



MOVr.M 
MOVM.f 



J S/IJJI <Jj^ -M ^J5j Sj>JU>J.I oUJUill »JL» Ji* j .S/li £-»■>* Jl r J^Jl 

.Lj H o^UJl 




(1-9) J5^JI 
MVI A,44 

jijie J oJ»u« /j* SIjj a-*>J-I J «y l^i J*^' ^*i • 4 ^ ^m*" "U-jJL («-*>^i *"*-; 

. JfcUl aJLJ-I ^ ^ S/IJLII 

ley* J^-b J iAA»JLl ^'LiJI JuJl o^LSLii ,y> viu>Jl ^jf ^Lf JfcJ Of l^ 

.^.Lii. i^U oLJUi S^f 8 08 5 SJb-jJl cLUJU .o/IJUI 
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INTERREGISTER TRENSFER J*UJ| J^J| Ja; 

d Ji tr^ ** <y MPU ^ 4 ^w J^-^i j^-ji j^ oujlj jjto 

•**-*>" Jl <^-y jJl oU-Ldl j, g^t, lis ^ .(2_9) J£UI >j| ^U- jl*>- 
J uy J~* ja ^f MOV rl j r2 i^UIl ^ .MPU J*b J J^j c-ll U i^UM 
. jaJl -yi ^»U gljjf J^^J i^Ui oUJU; jijS Of -_/x£ .8080 Sju^JI J -jjL^ 

:i*Jjdl t >tu 
XCHG 



MPUo"*»w 



IT 



J*ljJI MPU Jili 



r 



(2-9) JSLUI 

J*wi J^Ji ja 

ARITHMETIC INSTRUCTIONS 3JLJ-\ oU-Ldl 
lilJiJ CPU iJSlb, f lJ^V £^J| gJUil tftfj J* Sy^dl fc-Ul >*aJ l> 

oU-U; ^ Ijjij OUaJlj SaLjJIj ^ij ^JLi, u^p i^Li-l oU-Ull ^ 
c> S^i y^« V-UI a* -(3-9) JS^JI >:l Jj^JI iLUy DAA Jl. ^jJl 
'ji^' J»f <> tl^'lj ial^l U-J-l oULdl £_**■ ■jo „At; of ioLJ-l oLJL-dl 

SOUi"' i^^Jl oLLUl J iu* i^lj c^l JSllij jjS . i.^iJlj v ^j| oLJL*P 

ui> JaJl ^MflSi- oULo J] ijiLJ-l oUJLdl fj^j of tl iUi ^ jtff t u^c 
i^Ldl »5»i, .vr-jU-l S>>-Vlj o}U-Jl Oi; JaJl ,>wrf oU-Uj Jaii o^U^Jl 

ADDr 

i»Jjdlj . £_*>J.I Jl r J»~JI «^- ^ju 
AODM 
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J J/IJJI d\j^ dj& of u^s-ii i Jill tJW. J .£_*j>«il Jl S/IJdl y> US *jf. ^u 

pJU« ol5" jJj ji?- aJL^j 1 6 Jp J**; iM»L>- oU-Lo Lajf 8080 SJL^I »jJ5j 

^yJI) C j B o^U-Jl J] Lj H o^U-Jl oljat 4«U1 DAD B iU>c!l ^* gja, 

. L j H o!)U-Jl £jj J gJbJl jj^j (iUy 1 6 







—__ h 


h JjjwJi 1 1 2j~_Ji 1 


1 





(3_9)J£jJl 
S-A-J-! i»JUill 

Ji. .M ijJIJJl ^j^ olyai ^ttit jf ioLj DCR Mjf INR M oUJUsJl ^ 
DCXj INX i*UU c/>UJl yji . J*w ^tiitjf SsLj DCR rjf INC r ^C S& 

. ilv»J 16 i*u~j JJ-UI J*^ r-Jj jj^Ujfjf oiLjJ 

JjJOcJI SJap <> ^^i S*Li£> BCD oUL* j>uJ ^ *;f ^Ul Jvaill J bfj 
^ywu J . i^^^aJl oULUll i»l5 J LL»* 4*jLidl «Ia jiyS Lit ^iys jf (DAA) c g_ r ijJI 
J Uf . ^-Jrl iJL* <ui j»o" ^JUI cjyi J j£\ if.[K, DAA JLU iyi^aJl oU-Uil 
ja O^ij ^ iaii ^ abJj ,y .5*1^ ^f c >]| o^J ^Vl i^oll obLUil 

. u&LjJI -^ J£J DAA oUJbu- 

,y> o^U»j 8 U-o hjk+a}\ oU-Uil j UU l$*la*;l &~%\ JLLJ-I oLJLdl 

IjJ-l J JjS L. IjjU t/f i) . iiJkJl iU*U)l U*p li^tl ^ V . i, «Jlj ^jjj,i\ 
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v^^^ill cjUJU; Of *i«^-j Jl^ly . (lf^.,h,tl ioj^Ul iJikdl ^u»5CU _^*JL t4jjJt«aJi 
sJa>- <UJbu <l)jx> Of ,j^*-* o^Lv«y 8 in— j AjjJwaJI CjbLL«il j Sjiyu _^P iU^Jtilj 

oU-Ull y> JJUi JbLl »j<J . tjuSVI **ic ilO^Vl ii-Ul i£jjj«Z IJLa .,ju>Jljj»J 

pjij iiAU{ (l^lbf iLbJUU olJls-jJl jf a_« oUJLudl oJL* yjj O^Uoj 8 i*~j iijJwJl 
■ju«>^J Uajf L«.i>1>»j 01 ,j^C ,jJl <J4~Ua.ll iJU^UIl ijLU* Ji* iJjjJaii ioL»>- olpj** L^IP 

. i^LJ-l AP_ r Jl 

LOGICAL INSTRUCTIONS i,Sh:ll oUJLdl 
oUL* A_.jf >jjujt . (4 _ 9) JSLiJl ^1 ALU JUjcl-L iikll oU-Ldl ^ 
EXCLUSIVE OR j [£-* ,>*? jlj] AND j L,L^iU jf] OR ^j » JiYl Jp iJiku 
ijw. Ukil oUL*Jl i*^ .(i**i.) [j^ii] NOTj (EORjf XOR ^i3i) [S^2il jf] 
Ua -^ J_£J j&dl JjlJb- j-jlL.- .TRUTH TABLES ji>dl JjlJ^- J LxJU; 
«FALSE» «iilS'» i^J ^wJl Jic Jixdl JjJl^- J^b J .(5~9) JSUI J oLLjJI 

. «TRUE» iXzL* > i*J Jb-ljJl Jio 

dUJL! .UbU 

0OR0 = 

OR 1 = 1 

1 OR = 1 
1 OR 1 = 1 

.(5.9) J&tJl j JaxxJI JjJb- j Oir- 1/ 

. (.jJjU. Oil^-^l ^ dj£> [*>■ ia5» *«U» [AjaII j\j~] (AND) SjUJl o.j& 
1 AND 1=1 
Jl J^I^Jlj *Jb-lj Jl >^JI Jy ^ .itL-i JU^/' ^ [^ Sljf] NOT ojLJl 



.j>>+0 



NOT0 = 1 
NOT 1 = 
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k 


u 


ij^l ALlX g 
And-Or-Noi \~m 


1 





(4.9) JS^JI 







on 






AND 








A 


B 


AVB 




A 


B 


AAB 

























1 

1 


1 


t 


1 
1 
1 





1 
1 


1 

1 





\ 








KOI 






NOT 






A 


a 


AXOHB 




A 


S 














1 




D 
1 

1 


1 



1 


1 
1 





1 


a 





















(5.9) J£JJI 
ijikil jSmJI Jjla> 



: "jL. t iu*. U^j £^>y J J>-I>ll jl^-N ijiki,! (jf) J*jc~J 

10000000 OR 00001100 = 10001100 






1 



r 



J 



JjjmJI ^ 4»u£Jl 
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cJtf \i[ .obblku oLuJ* cJlS - lij L. jL^N XOR (ij^A\j\) JU*uJ -^ 

Jp JaLSJ . iU^I lUL - £-J>y> x* J&-\j)\ jL>-L XOR {.yd (jL* i^Vlj ( 1 ) SJ>-lj 
ys j Ailku o^UjJl asIS" ^Ul5 lil JaSi jk^> ^ i»^Jl of XOR J jJ«>dl JjO^ 

. ijc«JL>JI 

J>«. J o^Ju" oi (,-JaJl ^J^l cJlS lil U jL^-V XOR JUx^-l -^ dUJU 

lil . JL^o^l J^«—J 5JjJL>- i*J *_« iUL^j Jl>oJ J»« I <SjL* i»Ji if OjL«j . JU^oJ 

*L^>j ?-~J>y> jyu •£ Oj£*i (^h) ^r^^ C-Jl£ IS} .^Jo 0J14 !>U yU» i^jsJl oJLS" 
J jU-^L SJjuJlI cLUL" ^ OjJJ (jJl tU%^jJl £-J-\j* £LiJ-l j . JiVl Jp SJb-lj 

. i^-iJL! iLUll iJUajJl f—^j* 

^f tJ^Jl J>-b j fcJLsi il**, ^^ MASK ^yixl L&d\ AND J^r-J 
^> o^ltUll Jp-f Oj-^i |(^>- *if AND J J*>d\ JjJ>- Jp 0*LiJ . \^J ju? jL>-V 

11111110 AND11101111 =11101110 

r* . *, * 

,j jAm» i***)! J} J_j>-jJl Jp tlJj^Fj iJliJl iiliU J J^>-_jll jXmsJLj 5 iLojJl Jaii ■ * y.t 

JU*i-l jS^ . NOT UwJ ^L. COMP tJUJI j J*o~J . i_ih£ jf ^ ujI/IJJI of 
. J^aiJl IJla <j ^U^JI *li*f J U>-V CjLJbdl »Ju .jui^-, . XOR -j- Vju EOR 

SKEW OPERATIONS JI>"VI oULp 

"Lij oUJIxj" -yi J^J i;jjj-^ <>-lj^l oLLp ^^I*: .(6_9) J^liJI ^iiJl J*w. J^-li 
4jv»o 4j_yu,aJl CjI>-IjJiIj l yjd m \ c & . (U**" lU* - !- 1 iw»j AjI CjLm^ jL^>- Jj A. < .>.Jillj ^ j. -All 
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(6-9) JSJJI 

JJ && ^ tf^JI l>\$\\ ,>. (1) JUjJl Of J^V ^U^ JS* J i£r- lc* 

.2 J* 

.jLJi jl> Oi*Ji Jl i^a^ 1 ^'iV 1 - 1 

.jL-Jl JL) O^JI Jl *^jLJ-l fc-ljill - 2 



: LOGICAL SHIFT iJakil wy>|l 

^ail aJLsCJ CjIj^I^ t h ; . /j* ( _ r £xlljj . Jj^>«JI <Uoj jJ Jai-Jj J>*~Jl ^ jU«JI ^^a*' 

.(7_9) JSldl jAm» Oi**" 

•_£»J| j^asf *Lpj ^-iby«> iijjiwaJI oULUll >_Jpf j j^iUp'ill i-iyJl :*~iJ ids' 

il)j_j Jl "%\a> aJu^jJI r—^y ^j^i < ~>s >t ; 7 iLojJI5 jL«Jl ,«aSl aJL^jj j i . /il l iL»_jS 
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ARITHMETIC SHIFT iuL^L-1 Ss-ljVl 

i*^ 4jLJI Jl ioliJl iL/»>JI OjSo of *«-<»«-* UL- jjuJI (Ills' IS] iSjA SjLjoj . ^JU*J1 

.nSjLiNl JOJLc* iL—j i*^il «JLf- /»jj»7 .^Avs> •_)•* "^«k (1) 










(7.9) JSJJI 

ROTATION jijJdl 
Of ^ IJLa .((8-9) j£jJl Ji-f) Jj^JJ *xJU*il wll ^ J*«~JI Jl iU-lJlJl 



^L 



z> 



[B-Bil Roto*) 



(9-Bil Rotate] 



(8_9)J£JJl 

iJo-ji\ Jp JLzJL tOt>U>j9 jjjOi RARj RAL oLJLcJl ,jp «_^. t }\!U 
£_^II oLyXA RRCj RLC oUJ-dl jjJJ .(C iL^JI ^yi 9 Jl o^LojJl) .8080 

^•P 1 u- **-^ ^^ RLC SJI * L - J ? CY tyjj Vy J*^ 1 ^.P 1 o- J 5 ^*i 
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ja 49-1 jll wlL RRC UpUc . CY h\jj i3j» JpVI *L*jl\ j* JS" Lu . <3y> JpVI 

.iSjrf FLAG ilj if jits "tf .ijy JiVl iU^II 

CONTROL INSTRUCTIONS ^i\ oUdxi 

iij Jsu _jl J9j »Ji»« ^P (J^— J L»j (, k_<U_^JI eJjCj l$m\ i_-jjXJl j»3o»l!l OlftJlftj ^u 
oJLft , fltlSJUi)) Olj -ii if**-*t *•* vt^ul OL«JL*j j£jj . "UjtvJjJI ol_j»i£» <*»J (_^P *LOu 
Oljlji J~k; Jp SjJUaJl i_j^.y-l ^^lajo ,_^j . i~»U-l i^Ul -jP v-^U-l jj: oUJLidl 
s-l^f aJ!jU Jisr-jtJ .4jj^«>JlI v-W*" oL*5Clljt *~*\A\ * h Ji\ »_—>- (iAb£ £-*'_rt) <&& 

. »|JUJ| jf iyjJtil ^P >aJI _ 1 

. *Iju1I jF Jyjill jiaJl _ 2 

. i^U^ cjUJLu 3 

■ fc^ J^ "^" ^^axii^. 

UNCONDITIONAL BRANCH ij^iil j^ ^dl 
l)1;L» cCALL addrjf JMP addr <.)t>jjZW j*_p fjidl 4_*JL»; dj£> b\l>\ 
tfsLxpVl JLiiJl Ik^fi J , ojJbi SjS'li *-iy j* addr <U-ij L«J f-jjtdl c)!.^ OluJjiill 

JMP addr or CALL addr 

• ty& (^ pJl i '"** • a ^ r <j'j-* J*" <jP' t** "V*^ *s^l <UJjcJI »t.. -../a; 

MPU J>-b g-«U^JI jIop _^xi a^jsU %J addr J^J-I JI^JI ^ JMP JJcJ I,ju>- 
J*ju .addr 0I>p jy 4JUI i*Jbdl jUas^-l Ul 11a ,y> «juj .(9_9 JSCiJl Jail) 
.Stack sju-aJ.1 Jp a-^-I^1I 01^*11 a-u»j 4iU»l *_* ij-Liio iJj^kj Call *IjuJI i«Ju; 

L y J RSTO t ^ .RSTjf slJiVl kUI i»JUi; lHJJ^ lytf 8080 SJ^jJl 

ilJLp 4Sj*j" JUj cUUJLjj 1 0000 OlyjJb Uj £-*I^Jl ilOP l)V (l-^LJl *lkiJl» ^pJjU 

Conditional Branch Jt>jj*!JLI f- yisll 
_^ d)f tJjJtll -yi . g-»UjJI J *JU- jlv^i «-*jr l^ J»jjJiJ,l f^cJl 4*JL»j J^jC-J 
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4»;bj ^-UjJl j*x-ij i£>ell vijJ^ ^« (>*» <•-* iL^Jl) *JU.| j^u J |jj . c-^iJl 

? - - 




CjUJju j!)U- -j^ *>^lj ej^vaj ilAA Cj%^j ikju <3L»Vl ^.iou J J*i>Jll -j* 



i«Ji] jl ji*ai\ i»Jil 4,l. 3 . : ..,.>« «j^s<»j iji^iyJI oUj y iLoj JS jl~>-l o^UJl j /,&: 
* * * 

j Jj£ . ^juall <-— •*" ^^ I*-' ^^' pj^ 1 W^" J*^ • ^y 1 p-^" <->f (j^O a>-ljJI 

j Z iJU- iL^j cJl£ lij \f-jia JZ i»Jjdl >jp pjZj liau-JI i»jytll fjHl Ji*^ 

. = Z ilj cJ6 lij \pj& JNZ -j* «_ij . Jb-lj J| LjL-^ Vw» j>Jl J»w 

JbJL iJLo oljLx>-l iJlJu^ J**i-J iJjjtJl &J if^j J I JUL*; xif jly ^l^j t_^i 
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Jp jus*j" jJI oUUil ijl*ii fj^ 1 y «-**L*l1 fy&l jljJiJ i^U-l o"VU-l ^a^-l 

JULojJl «Aa Ji» Ojijj JJii tJaJ-l <j*J .Jj>^ (J 3 -' 3 <Jjl £-*»«ll J 3 "^ ci ^JUojJ i»-i!l 

>t 5j^Jil aJUII i_jj-.U-I <*) J «J1 jilaJl . . .jaU-» J 

Special Instructions 4^>l>- oUJUj 

: -j^sio «!>Uf 0yjji5 -ill Oi^l J £-2j ^ (jJl ivoli-l /»^>«Jl oUJUj 

. jJL»dlj Halt tjiijiJl 0LJL10 • 

.AjPjiJl g-»ljJl ol*lJLJ • 

. aaL»U1I *Ja£ • 

►~*j Ij-^-f • I** Iji-'.^T Lviji ,j^*j o^JL>J,l r-lj>- , V!j Jl^-i"ifl CjUJUj _^_£> W"" 

_^Jo Uaii t _ J 4i i [jtjApj . aJL^JI iijjjJI ^y> 'ibi is<»L>- ilU- t SJUadll <L£-U>» oUJUj 
jv-dii ,j\ LUES'S jJl ipyd.1 i*»U-l oUJUJl >_Jk3 !& cOi^^l ijuLiL-Vl I J* L» 

tjvlLft d)Vl '-Aya. U " .SJUoJll <U-Lmj 4»PjiJl «_*ljj| oUlJO ^ oUt^U-Vl . j^> l> 

. oLJLxJl j^ (j^JiJl 



Subroutines iitjill g-aljjJI 

fj^rjJlj *(J&Vi £* Call clJUJI L^j oi^*^*^ jt^J ^^ p—' ^ (^" (is**^ J**^J.I 
£-*^' lM"^ J °'y • J *' J- 9 ^ 1 "^ 5J *-'j S ^A i/^y*!' 2-"^jr" V^ • *iM" J Return 

i*ji}\ ^.IjJl SiU jj-b" .(10-9) JSCJJl j jx_^ ^>Jl g-'UjJl JUaXm.1 

. %-aKJ\ ja ^ i^f JS- i!/IJJI J>-b 
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1*Jm vJ^Ua; ^Jj\ 2r"^i iiUai J : «JW ^ i^y* 11 ^r"^' JLxu-i iJi" 
.(10- 9 J&tJl J ^ydl jL-, Jl g-UjJI ^-.^ J ^y \£) Call Subl ^ i^»L>- 
I^^JI J& . Subl ^jAll £-.U^J *l Oi VI ol>* _>*J ;>ii ^^iJl £-*UjJl li* .^^ 
.la> ikfcJl «JLa J^jj l^o .Call 4*jLd Xp-jJI j^tsll ^ IJL* ^J . ^jill ^U^JI JJ 
^JLI J jiJi; ^Jl SUB2 ^U-l oi^Jl J J*^) .Subl ^JS\ £*\;J\ JUj dUi JUj 
Return i»JLidl t-^j .Return LJLdl iiaUa* ,jy*- <Ji Subl JliJ . («_jj.^dl ^ J| 
^ ^^Jl g-.UjJl J Call Subl Jj ^ll iuJLcJI JLij jw' . J^,Vl g^UjJl Jt £^II 

.(10_9) J£jJl J Ju, 

Jj . Call i*Jjdl -us ^_L- ^JJl £JjJlI J| Subl Jl»ol <uLL> jjJtJli p^u y* l^j 
«jl>* £-^* i5jj^I J-* *Jl» J-"^ 1 e-^jJI Jl Subl -^ ^.jJl J^f -^ J^IjJI 

^ .«Next Inst» b\js- ^ tJudJ iLUJl SJtJl i<JLdl Oly^ (£y£j JbljJ JJ *t-«ljJl 
J £>>vll b\js- .W . Call 4*JUJ jlill jjitJl J-^ J**JI IJLa ^liLj dlyjJl IJL* Jais- 



e* 







(10_9) JSLiJI 



iJC IjA f-yrj\ il)Vl liPJ . olj* SJtP SJUd.1 i*yiJl £-»ljJU «■! JuJ1 o^Uj -jSCc 
.Call SUB2 y* ^yJl g*^ >T *lJJ Subl JLAtf JLf J «-»jUai .(10_9) J£jJL) 

J o^J\ ji c jii) SUB2 ^yJi g^iijJi Jl (t^Ji ja; jdi »ioJi i -u j* ^ 
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i»JU; Jjf j* Lihi\ i»-Ldl JJc3 bj& tSUBl Juiu. jlj*^l -^ ^jui . ( 1 _ 9 JiCill 

. JLidJ iLLi SUB2 & 

SUB2 j*i-j J&~- . ^jii\ ^-UjjlJ l*M ^W-tf i/j^ N SUB2 of ^jiU 
J iJUll i*Jjdl _pj Up-j Ret v^^j . ^rjJl jf Ret i»JLw 4Jj>Uw ■j i >. JJ loL»| 
a»Lw jp- Subl J>-b J JLidl iiUi JOu >^ .Sub2 JJ »l juJI J; jJi Subl JsM* 
.Next Inst. JLiJ, «IjuJI £-*Uy JJ U^-j l^-f c-~-o IJL* t Ret 

The Subroutine Mechanism ,fj&\ n-&j$\ ~*S\ 
•I JJ uiiUjj 1^ . Iju>- iiau-o y* i*^' £-*U" oUIjU jJaiJ iJUM jJl iJVl 

ol^P * l5 oO |J PC J>*~« »l X 4*A*j JS Jai^ . SJUill Jpf J £«ljJl ilOP Jii- «~*»*i 

Ji PC J»w Ret U-Lu ^rji-J villi '.j-Cu, .PC J>w J ^PjiJI g-^U^JL! *lo^l 
J>~- JJ 5X*dl ^y uji^lJI ,jc;UU StL-i uiia ^ . ^-J] J>w. -y JLJI olyjJl 

.lpL*l JLidl ^ dili JUj .PC 

JJ aUl .UJcll JJ Jjj^ JUa] Jls, y*y gw.Uji «^_^.» JS -jp ^ 
<> v£ • t y^ L| JU*s~.V miUU o^p>-» J] yPy g^U^ Js" 4 kU gls4 tvilJi 
<jf <r& <s*>Jl f U" J^-b ^.jj^I o}U~Jl oL^a* SJUid! Jp ^ of p^jM 
Ay>>i\ \\* & $* la^V ^ . ^pyj| g-.U^Jl ^jji x* ^Jc* v-£# sju&JLI ^jj 

. 8080 J 4,J»U1| JjL* vi^j ^ ^i |jL* J 

d.4*^ ty <o*)l g-oUjJl Jstb 4JaU»: ^y g-UjJ *Ijl; JJ of uij^JLl & 
j fl^j^ujl I jj as- "j/U-il klUs^w jjjJLl t! jdl of t^f . JjJUt- d^y p-^^ lSj 1 -^* 
J Its .(g^UjJI oblap) PCs o>- ^^^ jsy oi^U- tjrtfl J* tv lk ; .SJL^il 
.Uj^c'y of yP>Jl £--1^1 Jp v^ji ^J| o!>UwJl JobL. JtsT oUliL A>-bL| sjUI 
. S/liJl J UlS" SJLJC *>«j W of IcJli g-^l Jp v_-^ JUJU 

sop 4ji; j$^j dUi ^j Jui ia»-lj iy. 4^! *Jt yP>]| g-UjiJ L~Jj\ sjJLl 
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; oiJjdA [£j>-\ Olj** < s f-jii\ «_*l_jj| *JLit7 

Jl JpdL Overhead JL^I cJ^Jl ib^-u-l ^ i^AJ) p_»l_«Jl JUjc^.1 J^, 
f^iJl J>-f u> Ret j Call o L Jb u Jt< aJU^J oLJU; JLi; (^^i . ,^jii\ w-tU^Jl /^j 
^jj^l ,y b\£ lijj l0»- jrwii £-«UjJl 01^ lij . *u f\yrj\j ^j^ ff-*kjj\ Ji 

5JU-I »~i* J .^y £-*^ JLax-iI (j> VJj «-*U^Jl *LJf tolj^i oJU> i£>l}jf l jc«Jju 

Of cS^j .J*j«J o^jUw. Jl ^bt ^jiJI p-xLljJl jf n-*j& _£&>. of >_*£ 

(£1 Jp t_»j£ . ^g-jjS^Jl £-*U^JI JJ -^ }Ui J^jC«J CJIS" jjM ti»5U«^Jl ^^lhj (_jJai 

^yjjiJl «_»U_^Jl OlS" lij . ^J^\ ge_*UjJI (_>lS^ J»«-» ^f j <~u of jLf>JJ J^jO~w« 

iL^ J UJL*i*»j *j v^jiJl p-«l^l *l-&l j »j^lJJ' Jjf *JU*dl J ot>l?fcJl »JLa 

j*_«lijJI ilJuJ iow»jPl JLic^J Of Lfci*- <— £ . f-jil aJL*p Jais cu~J Ret aJup 

SjLpI -jSCc . ^^ill £-*l^JI *l-0 J; ^1 aJUI i»JUzil Jl J,f Ja Lwi PC Jl \*j>-j 

. SJUidl J iilS" 4>*^i Jb- 1 ^J c^Ij Lo Jap ^f Jl iJVl oJLa 

^C^l «-lJJ Jpau .8080 SJ»-_jJl J ^jiJl p-»L;^Jl ij\ j^ Upj ctiJLJJU Ji^ 
•jP £t_iJ . ,_^>ill w-'L;^ fil J^VI 0I_^p Subad OjSi ii~>>- Call Subad 3L-*Ijj ^jill 
.(11_9 J5dJI _^l) SJUiil i«i Jp iJU-l PC J^- i*J J ^'lib jrjjj" *|jdl luio' 
^Jji] SP J>~" ,jAiii SJUail J*-f j ijj^> i*JLS" Jjf Jl jJiji SJUadl ji,y of vJl~>- 
LjV <.C%*ij£ 5-A./»;..U ^ij^ ^^1 *-r*^ • Subad 0|>>Jl Jl JL^JI J-^jj 2 i*»iJlj [5JU<aiil 

oJ>-jJl J tlijP te^Uiiil Oljio L ^a*l^ .ilvj 16 **«J (PC) Jj>«— J CjLji*iil yjj 

. SJUflJJ j-ij-» ^ysil^; eJUaJ.1 ji <-A«aZ> . *&\JGj\ x& 808 
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,JjpT /y JcJUJU j[ uiJLs Ret JLAJ j* £_sj . Ret _» fj*rj\ <j$aj *^&> o*^-' 

. 2 Ju-aJL *Ul sp jIjJ 4iii cyi J .SP Ji sjLail 




(11.9) JSJJI 



Stack Instructions So^oXI ciLiLu 

SJUodl J~*i~J «-i5 dVl Ljfj JiJ . i*i»L2l1 J SJUail iLtj ilJlill J-,aiJl J Li>o 

t( _^>-Vl J-*, ^UpVI U-Ull .bSf SiLc-^U Lit SJUdl J*ic-J it •_£? 
.oUL ip^jf aJ Jwd; ^JL)I ci^l j z/II!l J| i*^ JLU-Udl oUUI JaJ ULniJ 
OljiJl (iUi ^ji . U J_/Tli jl_^. Jl oUUl Jlu [^_ii] Push Sjyil.1 i<JUJl -j* gj^. 
.s/IIll ol>* salijj iLxJ UUJ oUJ^d irU-l t yc$ SiSj .SJuidl Jpf J 5/IJUL) 

Q^ji d J «aW* o!lU- Jiii- i>-U-l LtJJ |^ Uut J«...-»J SJUill it Lfj 

SOs-jJl J ^J»U1I Jjbl Juv- Jli- Jl Jiu- .Interrupt Handler i*i>Ull JjL. 

.8080 
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8080 iJa-jii intULl Jjlu qjMjj 
An 8080 Interrupt Handler Program 

il oJl J Cj%*~. Ja*4 of *A>\j» JjL. Ijji JS" J* 8080 SJU^jJl J ^-^ryi 

:(12_9 J&Jl >J|) o^Jl Jiil. iJdl oULdl j*^- .y^l J Uj^c-jj 



PUSH PSW 
PUSHH 
PUSHD 
PUSHB 



(ol_,lj) PSW j-Sj-J ^Jl Push PSW L_^ Cj^- j-1jS Push J_<r of J^-V 

.U^j L j H Jj J\ A. PUSH H j 

liljJl J o>U*Jl ciJUl oUJUdl pj^j t villi -^ ^^UJU 



POPB 
POPD 
POPH 
POP PSW 



* * 

. l^tUSO j^iLil t^ji (Jvjv. t/j^w» g-JL*jf "ijjil 
. iiji*Jl ^ JpLcVI oJU o^l r/^j dfj*^. 

Addressing Techniques &$i*Jl oLjSj 

1( jijUpjf oliL cJlS"f C J>*«. J_,f s^lill jlj J| j-j^l ihj, XjX*i\ ^J 

oli-Ull -yi jrviSj CPU (♦-.-va; A2*j iilxsi J»Uf jiyi 4 dJUi *_jy . iijuJl j, iih^ JMif 
■y. Jif J»lif OjijI li| . La \^.jl^ ^Jl JJL-jJl -y. Le.j> ^If JaSi ^ JUL ij^wJl 

. oLUjJI -y. f^ bJip sLdI oUUI Jl g^l •j^vii, of ( ^SUJ iJyjJl 
4*^ . «„^.« .(21.9) Jl (13_9) JlSLiVl J i.^. v-J^Jl ij^Jl iUf 
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J^* M 



_*-jJS £»-»- 



!J*lS-». 




4jywJl cL-ULl iJp-j 



:/li 



(12.9) JSLJJI 
iJUAdl ^ «_»JLaJlj «JjOI 

Implicit Addressing &i<u«JI &$i*JI 

«_«J>J| ijjj<i ejU 4-U-AJl ii^uJl J-aJC^J .(13_9 J£iJl _^l) <LL»jJl Jaj J>-b 

i-JLdl yb JUt^l Jb-I .SPjf PC Jt. <^ULl ,>l>Vl oli tf-^-Vl o^Jljf 
iljJlj £_«j>li Jl r J>-Jl a-^-Ib Of tj*! <_,*> . jWl J-^iJl J c-i^»j jJI «Addr» 











SJLwJI>y 











(13.9) JSLill 



,3*W 
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Immediate Addressing JL^^&JI <Q$Judl 

. ijJ>L* 4ji»jJl jj«j *_~j ((jjJ-l ji) J^Ul OjS" 4aJ&- ,J[ iijjiJl iiji«Jl f-^ry 

J Ujj iJliJI £UU J jfk. t|JLJl J>l J*U1I .(14-9 JiCJl J ^ |JL») ,*S% £ 
J ij^j-l <U-iJL) AjjjiJI i»JUJl Lo t^li* .jjjl^jf oUL U[ OjS\> of jjSlc t £)lill 





ijLuJl _j*j 




J.U1I 




L_ > UI __J 



(14-9) J£tll 



Direct Addressing SjwLLI £j$ixll 

.(15-9 JiCiJi) fy&l >J JL*j Cj%*j 8 <*~J (j;^aiJl) fjiJl 

Jiip oil* oUU- #%* te/alaJl J jJL* £_i>* JJ lya ^y jJl £yiJl i*JUj t_iks 

^jCiU^j LLjJI Jj«jJ 5Jb-lj iiL>- tdJUj J^fviii .CJ^v»_j 8 i«^j t£j^*> F~^** JLjO^I 
obr^j 5JtAJ k_JLki[ 4j"V * ( _ 5 laJLi P-jjiJl I J> Ji» JLio jl*i . 4JU»_j 1 6 oli *jyjJ 
ojj LjJ o_j5o ,jJl oNU-l J ivflU-j f/»^' cjUL*p ipj— Oi*"^ 1 J^l i>* .Sj^IJJIj 
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. SjS'laJl J 255 ,j>-j jAm» ^-»ljil Jl P>&^ jt_*~J otjlstfj 8 oli iyju S^iUl ii^jJl 
•_,&: spill &j>Jl AlJiieu-lj . o}U>,j 8 in-«j y>j> 256 Jl f-i|J.I «-i* (»--j J& 

•_j|yi Jl Ja2i }m}\ ^S tff . olLi?*Jl ,y>*j £-/> ,j£Jj 8080 oJb»-Jl JU*1-.I X* Ua 

. 64 oUpUaC 





WjiOl >J 




Oljie 





(15.9) JSLiJl 
(jwJ J'.^*) i^Lil ^jJ*Jl 



it^-V l>jk* IA± J^b J ^^ 8080's RST Ju-Lu Of Jili Jl iiUJ t/iJ 



lli 



iiyjJI jjiy Uojf (_*£ . ij 1 >./t,all t»ljMl »Jl* Jic fyfcJl ^v*4 ^ <^f v^* ^^ £-*-* 

Extended Or Normal Addressing ijjLutVI jl ifcijil ii>»*JI 

JiJl) .*!*»_, 16_; olj>uJl OUJUI otui&l tfjdj y)\ JjVl iJ£JI ^yi .oU5 
.jiiil iJLpjf ipL»Vl fyiiJI o* fy iS^ i^-jll i!ji«Jl J«jcl-J .(16_9 JS^sJl 











<*L*jJI j*j 












iij» 












0I>* 1 









(16.9) JSLiJI 
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Indexed Addressing iw^iXI &$J*JI 

{j* <_JUJl J . aJIal. Sjj-^j "^jyt- oUJLS" ip-j^jf il»L-j ^* JjjUL-I . SjS'lJLH J 

JU^y fyli ^ lilJUl JUs^ 1 (/'» **t.) J***- 1 °y»** til j'j^ £^v» ifJAr^ 1 
.(17_9 JCiJl jbJl) .JjIjJU .JL* Jli*F Jl ^jJ^Jl ;L-rfjiU ii>jJl Jj*J .(«72 ^Jj 





iUJIyj JJjJt J-^- | 




Wj?! 


[::bl:::] 



(17_9) JCiM 



.S/jIJJI J J_}JU>JLl *lJUi'Vl jl>* Jail- JJjJI J>~"jf IX ( _ 5 *~ll J^-JI J*j«1«j 

Jl Uf vJUy ^jJI ((18_9) JSLiJl J SOpLaJl) is-l jl Jjb- iwij^ill AJyjJI i^Jju ^yi 
■jSCc vi-shu o!>i*y V 1 -^ ^-Ij^l J*- JJb^ ^JUJl J .j'oJII JJoJl J»w ob>yi 
256 _j JjjJ~l JjkJ ^»»Vl jJ-l JJL4 I J* . oi^l**! J" 2 * «~v*^l ^j^Jl «uJbu JbJL£ 
J>w oL^ jL^Ij 256 •>. JjVl ^Jiljll ti JjJti-l »lJil Oly* JuJJ-y> JjxJI . <J5" 
^-bJl ,y .iU»j 16 ^^ JJ-dl J*w Otf lij S-L>- ij^. oJLa .k-ljl J*^ JJ-Jl 
.JJjJI l j> M > <)|JUU-I -^ ii^j»o iLfij 1 6 4ji~j ^IjVl Jas- OjSi Of Lauf v_*^ iJlill 

»a*jA o^-Jlj s/SlJJI Oii (^ 3yA\ r*~~fH i ROM Jp sLidl x-*\jj\ JUxu-l jup 
^ . Ulf uJUJl j tlwUiMl olyp ?«-w»» . ROM J Irj" 1 -^ oUJjcJI ^jJu •_,* ( ^SUJl 
aI-JLj^I OIj^ /«-sf^i Of aj^wJI oUL-Ull <J <_-*- (21JJLJ . i)Ui Ijj*a> fe-ljVl jrJeS 
iL-*j (^jjJJ e^ . i->j^»JI jlji^ (j i^-ljVl >«-«j 01 v^^i ^rti < ^ J L».JL»xll JJb>- j JjJ^JLJ 

jjJdl ^JO .PREINDEXING i^LJLi i-j**lli-f \y Ul^yi ^Jl iJ^t ^JU' 

J .(19.9) J5^JI J i^i/l POSTINDEXING iS^-tdl i-^i]l» U^l .JL* ^ 
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J N vV ^'J^ 1 ^J* ^ D j;w»aJl i-lj^l JJb- oby* ^J.Ut tsy-tdl i-._^iJl 

. D JJ ( _ r Jj N JJ IX oU^x# vJLaJ i»j>-tdl 4~>^fAJl 

J^w J&- jla£ *!-»■ (18-9) JCsJl J £-J>y. IJL* .J*«xJlI JJjJl J*w Jl ^i> 



UwJI>.j J^jjlj>w OljJI 






JJjJlO^w 


1 ' «4 ' BASE 


RO 








9 ■ * 








"| N R4 




> 






• • • 




! < 




1™ 














' 


ijfli 




^l^JI OljjJI 































(18.9) J£jJI 

RELATIVE ADDRESSING £uuiill £t^jjU1 

,(20_9) JS^JJI J jt-^. (^ i&J& & **^ jC i «^I>«JI oJL* Jli-t JbJUi 
aJULjJI ojjiiJi i_,1U "") . (jijoL>»j **ij—» Sjii Jl. .».«."»jLi -L^wJl aJjjJI — -,.■, " 

,t)Jl»«ll As-lj^l IJjIj (^jLJl jljinil iL^JIj Sji2j| JJL^ L^V (4~~J» ,yUJy . (oUU- 3 

. ^Jy 127 -b- Jl tlj^U 5jji5 jt ^J^. 1 2 6 Jb- JJ ^ UVl _p»J Sjii Jb A>cl Otsl^j 8 
J**^J .SjUy oli Wj^l TaSlj PC ^jLj i*JUJI .1* UjX^" ^Jl i^Jl ijpJ! 
jj^j IJlSjkj .*>-lj^J ^>^U»j 7 ujSJg SjLi^J (MSB iJ,. JcVl iL^Jl) SJb-lj aJL»j 

. + 127_. JWjVl 
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JJ-J'J>- 






"X_ 



u^3T>j JJjJI>- 



D fe-tfjll 




(19.9) J&iJl 



Sjil 



Wjl 



(20.9) JXill 



<aL>- c.JJa'7 ^gJl oljjjJI otUSsl j^Ji^ ij^f ji ^..Jl iiyjjl ^>-Ijj il)j>So 0\ ^S 

INDIRECT ADDRESSING S/£UI ^ £> ^1 

i^aJl feU ^jj JjjtJI Wj .(21-9) J<iJl J i»wJj- S^iUl j^ 4J>Jl 
l^Ljii ^^aa^U-lj A1-; iJbJll o/IJL)l jljlC- Jl L_Jbi1|l lo^iLil jr«i> iji*Jl <_j*J 

. nj[r)\ JUaill Oly^S A2 J*«i-I ,J . (A2) 

. SjJlill 
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<j <uiijj t-Jj y«j» 9-liiil /<-*♦*> . Sj-vs<i>- c*^ ?-Ui< S5*5^ «^ij AjXiJi aJLft . ijyfjj* »J* y 
A2 ^J^li j Jij^il cAO J] gyJjJl ^Pji gj.Ujj J* fcb ^Jlkx, . AIja SjSl JJI 




(21-9) J£i)l 

RAM J £-i\y j C^ULJl «_SJ iib£ £-*Lh -M- 1 «***> Ju>-i^»Jl ij^Ul -_^o 
LjJLp jiu £J\ja ^ JjlJLst-l Jii«i . JjtJaJl «ik£ cjUL J*jcuJ ^ .L,^ Jjdl ■jSLc N 
J.t-^1 JJ p-b^ frj\jjjj\ ijji Ajf *JlkS .oULJl oJLa iJ^-A ol^JSj-o .*_« RAM j 
oUtJl J[ rjJ^ 1 o^ -j^j^ Jj-^J V 5 ^ J*^ 1 Olji«Jl Jl ti^ oUL, ii£J. 

.JjJLi-l J SjJWi 
* _ * 

,y> £*-W*i ^J JL*J . A— ij^jiJI SJjjiJU 6jSj Ijij?- otUS' _^Vl ^ OjJlLil j\P iJ^^Jl M-waSJ 
&y\£- ££• 4~jij$Jli\ CjIjLmsIjJ (JvLmCUws oiyia <UkJLo J J A>-l ^J UV* i** 1 *-* &)*£• /j£-<M 

Lmj4> ajjXf- jijj is-^ t^_j3 ffJ^« j . VW^' oULJl ^J* J _y*a>dJ ^iL* jj£ jLa>»x«iI 
. 8080 S-b-^Jl J* L j H O^U- J>U- aO* jIj^.1 Jc Lj-jSjj -^Slc . o/>U»j 8 U«o 
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S-U&ll (hja^ J^J C*j\S jij ^- {.IXJi^n j^y^ Sf-liSo o}\>«~i ^-jj (_£l JUjCLvoI /S^i 
ojii jU*^ ij^iJall luUISJI jJLp •_,» Ai^Lsill £>X*Jl A-s-^ Jl^-l_jJ JJUj jUa^VL 

^jJl cJ^Jl J : cS/waJI «JU*JJ U-Uil *P_ r - s\yj dilJoj oULJl -^ ids' c-l^u-ljf 
cjIjJj Jl^-ly t«-wii t<j-Uti« ioU»p- oljUol viJUbx 01 5jjA^a1I oLA-LlI ,A--i v^SsX 

c 

t<k-vj ijL-a- iJL&L. Jl talz^l .8 080 5JL>-^J iJuiJl ifjJi -^ ^i« ^yC^. 
oULcJI j$£ .MPU J>-Ij oUUi JaIj U>.|JI o!>U-JI U-U. Jill IJLa ^ 

. v-j j»JUl j ^jk^\ «JUaJL) Sijjll 

oJL* *_~^ 7^>y •p'Lr'^'j JL^oifl ifjj -jP iiitf 5JU- JLJl ,_- Jill ^y^, 

, if jJJ ,_jti»- *4aJ iJUAll iv-jUlL J JJL; tg^jjj -tws iilttS" kj>j jut oJL* 

AN ARITHMETIC PROGRAM MULTIPLICATION u^iJI :^Lu^ ^-di^ 
Of ti-j?- . o!iOj 8 _i o^lvoj 8 ^ *>^>^a il Jp-f *-jj-^ iJL*p Jill IJLa ,j y?^> 

rt-fi J?-[ ■>• . >_^ j .sial I «LiU?- olJb-j .» _. o ..<i7 jfjl t— jhuJ <uJu>^ b^*j^* j& <JUj«JI «JL* 

: 1 2 x 7 3 Jill J . ^ytjJl flkJl 

13 (V^ 1 ) 

X12 (^jUJI) 



26 
13 



156 <«~Ji 



. e^Uf ^JjaII OljJai-l Uli 4w t-J^U-l J iU«lJ.I i_Jj-id) ioLJ-l aJb-jJl 

• tyj^T p-^' ^-^ p-*^ ^ ^■-"^"', l [>—» bj* /*— *^ *yj4"' t- 'j-vaJl *-S jl_^A ( _g-»J / 3l <3jiJl 
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: 101 y ill JywJI jflil j*>j 


011 


1 1 jt yuoJl jar-i 


+000 


: T 1 J/* 1 1 a jL-JI ^dit ly** 


+ 011 



>^ ^ ^JU l^ls , (V^- JsMl iU^Jl LSB ^f) iUJ ,>JI ^f (vij ^l 
^ij\ 015 lil . U«Jl J .jjUl ^1 ^JbJl Jl *LJ>\ r ' ^| IJ^ VJ ^1| ^,^1 
Wj}! 0_^~. ^ji-l ^AJI J] oUJ v_^ ^JUI jUl JU^I .Li J^" ^ \j^> 

. ( 1 _j jLJ! _pj ^-Ij; ^f) o?-l_j £-J>jX jLJl _pj 

J ^£\j i **[J,l ^ ^Ul JUI jjujli tV ^f lyl*, VJ UJI pJjJl Otff t JL>. if J 
.^ ijj». ^..J l>^ j^jlib ^ ^^ ^» lyU* jJjJI Otf \*\ iVUrJ .jLJl 
4*jU: o^-jj V bib L. £_^M -y, v_JU; jUjL ^^1 iJU >U- ijJdl „Jl* -aiu-j 

5 J 3 ^^ oVl U» .iilkn ^ UUsJl j|Ji*bU iU^cJil ioUi-l olJb^JI 

O) 01 1 (yj>li) 

rs; xioi (vjUJi) 

(oinij.^igjtii, 

(IS) =01111 gJUl 

.LSB Vr J 5 **" *W t# f VJ 1 -^ OyJl ^t ii^-j .j^J; i jjUl Jill J ^ 
^ jLJl ^ SJ^Ij SU* ^l^ll dL/fi a* J^\ gjbii ^ VJj ^JJ JLJl £*+! 

o- Liu* jj ■«, of -j* v.i. v> t--tf ^ of gjuii jp j^ji ^ Ajr u 

U(> JU*^I ^J^uJ c^l gjUl J«i jSJ; ^^.ji . j^JLl gjui Ji \jj ^iL^- 
y?J+l gJtll Wjljf jWl Jl VJ^ 1 ' Wil^ t^ .uc£il5cu o^JI ^ SJb-lj 
.SJp-Ij a^j ^y j^Jl l^^u Jl A^-JL iJj^- L^V ciblku i^usJl <t ^Jl ^ 

.(22_9) J5LUI J ^u. oLL*Jl .1* ^, !»kfc 

..^ur j^iii i-ijyij Cr »+i ^jlo jm\ jjji piLij Sib v ^j| : u^ j^ 

i?^ i*a>. J*«i^J t oL^Jlj i^jdl ijj| oLUl ij-^ uy *»%JI ^^ J»-f •>• 
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SJLs«-ljX* C/5L^9_)JI ( d_v»l_j-» f ;. /i' viU JJ . <_£_/»- Jil JL*i e-l>-ljjl <jj*Jl *>«J ■ ij|-/»ll Cj'^oj 
. oj]*>- J5 <j eJL>-lj <U<»_jj ^j^-l fl^jUl J^*i • (_slr^*' f 6 -^" -k'-b »^-Jj <jj Sjk»- J5 J 



PP=PP+MPO 



.IJU.I 

1 



PP=0 



1 









•tf 




(22.9) JCtJI 
Iu.il c-ij^iJI SJUaJ ,c-iL~:I Jakfc 



j-i 



,Vl *jJL_t J^»-».>u» c--j=M ^J+I g^l <^- JL^l J^ JL**i-t a 4 ^-M 



. ScUSCJl JjJjj cij-Jl _/jj" «*pJ^I» »i* .(23_9) JSUI ^liil ^jUaJl jJjJI 
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(23 _ 9) JSLiJI 
^jUJl jjuJI J*u- Jl ^^\ gJtJI oljat is-ljl 

J^JLJI Jiil jL-Jl Jl ^j+i gJbJl o- V^* J^l »j+lj o^Jl Jl VJ 1 -^ 1 a* 
J o^UyJl -y JO iJuJI £_.& Of *_^£ V-r^ 11 ***■*■* Lfr 1 ^ cM i>* -( 23 - 9 ) 




(24.9) J£Jl 



^1 9 ioJiJlj f^Lo^ .o"5L^jtJl ilOP 6_jjL 8080 SJb-jJl -jji E J^-. J*jC 



C o^-Jl .W .jAvaJl Jl :>Ijl>JI IJU ^bi 1^ l_jj^JI U*p j»jSj (24_9) JSliJI 

i>wwJl JL>-(_jXS (--ij^aJI iJLo h\j- J . Jljlll J* i-Jj^sill ^JjJIj v-JjLvaJl iJUJl LjJL« D j 

.(25_9) JS^JI ^1 Cj B J 




(25-9) J£Jl 
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8080 *Pj*>Jtl J 



iv»Mi. ^ 






JL* jy ^JJl g-UJl (26 _ 9) JSCill J jiJig 
.(8080 ie^^j^JU 



MULT 


MVI 


B.0 


INITIALIZE MSBYTE OF PARTIAL PRODUCT TO ZERO 




MVI 


E.9 


BIT COUNTER SET TO? 


MUtTO 


MOV 
RAR 


A.C 


ROTATE LS8 (MPS) TO CARRY AND SHIFT RIGHT 




MOV 


CA 


LSBYTE OF PARTIAL PRODUCT 




DO) 


E 


DECREMENT COUNTER 




JZ 


DONE 


EXIT IF COMPLETE 




MOV 


A.B 






JNC 


MUITI 


TEST VALUE OF CARRY BIT 




ADD 


D 


ADD MULTIPLICAND IF BIT - 1 


MUIT1 


BAR 




CARRY WAS ZERO. SHIFT MSBYTE OF PARTIAL PRODUCT 




MOV 


B.A 






JMP 


MULTO 


DO IT AGAIN 


DONE 






NEXT INSTRUCTION 



(26-9) jSLiJl 
8X8 k^voll *JL* fr*bji 



i*** 



MVI B,0 



^JUU iJlJiiiVl <«Jill U.J& i^JJl yUaJl cJ^ <jf L_jfi .B Ji^> <^ii\ iljji £f-i 
J>Jl j oULJl iJ^ 14J Lu ^jy iJU; -y> Ji« IJLa .^o iuJiJli UIjU ^f . ^yjJM 

.(00000000 La) iu-LdU UiJl 4JUt-l J j^j 
MVI E,9 

i^ill jf Jill IJLa Uf J ^jLaJI JtfL uf i_-£ .J>lJL»Jl J 9 4*OJI Lu wiilJii l^-i 
^.jUoJl x\*i\ ,y iZj* JiVl <U»jJl 6^1 (j>*i~. . j^wdl j-tai ^1^8 c...Jlj 9 

MOVA.C 

.JUI JlSLsy crtll La) .^-^11 Jl C Jlt; !1 oL^t Jyi Ja2i i*JUl .JLa 

* 

8080 «.b-Jl ?t-o— j "i/ tUj^jft ,C j •j.a. s a r ll l-jjLoJI iJijJJ LSB ,_?&>**> of Jby 
lf>-ljl !_»>«-» LSI (j/t>J J>-l -j^ . Jaii £-*»«il t/^f— (J^UpI J»m- j* aLpj (J^>*4j 
oIj_j>J.I tc_w c-ji liA . i^Lv*>C* f- jij -UJjCj L^-A>j ^"XC *i~J>- Jj^>J) ilstfj JJ 

Jv»4 • o}U~Jl Jl iJli £-*>JlI oLj^t £_~; ijj^fj lf>-ljl J: ^-*>J.I Jl C J>~JLI 

;i«~«L>-j **jbj **^ i<>JUij IJLa 
RAR 
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. (27_9) JSLiJl j h*J>y> ojLJl oJLa .,jy»J\ j>u £_*»JLI jjjJJ g\ 





B 




c 






rH H 


■ 


r 1 *i 




' 

r 






L— 1 





(27.9) J£ill 



ijLi. (i_>jUaJl jjuJI ^f c J»«~Ji oL^ ^ c~p ti") cr*^' ^'k*^ jj-x 

\'A» Ji>-V . L$**>«i {Sjfz '■i--*- C Jj_p«dl iU<9j <J (ju>J! (^oil iUoj «_5J . »^J>\ja 
JLijV iLjc«II XJ'Vl ^ «Ju Of t5_^-i . *_*>*ll ^[ Jj>>*JI j>» ioUll iUa^JJ i£j£ 

ilstfj oLySft jib "^ . C Ji <Jli £_»>J.1 jt-J ,j£c ii«>. RAR _» jjjJdl J*aa- 

: dL^dl iJU* C Ji^Jl 

MOVC.A 

. Oj>«jf JL* is-lj^/l jf _^*J dVl Lpo 
DCRE 

4*sufc3 *_*£> . 8 i*-Ja!l {^3$ iis-jll oi* J j^i . (1 ) jlJLif ^^oill JkJ iL»jJl ilJUi 

JZOONE 

i*J C . /aai l lij .^ivill iU«j i*J i*Jjcdl oJLa l _yap^ij .jivaJl Jiy jiiJl ^j JZ 
J g-*UjJl il^ J uJlt i^li DONE yijil Jl ^iiy l s fi\ jS dj!&s yL*l\ JJ jIjoJI 
.^.U^JI -^ JuidU iLUJl «JUl iJLdl iJlu «JS -(26-9) J£jJl 

jJa-sa. '- ." . j^jJ^-I £-^ £-* £-*? 1/ (Jt* j « v»U ,j«i>^y (j^i j|JL*Jl of -Ib-^ 

ijA Jjf J-,* (j^s- . k-JjUiJl ^OjJI J iZJ%<0j 8 JorjS ii~?- CjIj^ iJUJ «_*»JLl_j i yu^i\i 

<L*J dj£> iJUl oLJxJli j£ IjA yi-\ . 8 5*JiJI J*s£ iljjJl ^ 1 7?-»lJ^Jl J*- (Jl 

^ Ji>^-. . iU-jjJI ilap J 8 k^2i\ {ja VJb 9 i^aJb «l Ji'jU _^i; c. v JI liA . < 1 ) 
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MOVA.B 

O^ 1 • £- alJ ^ 1 * 1 -^ 1 J j^- 3 - 11 -; V-^l <uJ! oU jJj B j ijp-^, ^jJLl -jUI 

•t* 5 ^ 1 J olr^ 1 2~' LJI ^jp. «jf ^-J^l IJL* VjJkj 8080 U>-jJI JUxu-l JUp 
iiy <J^>- Ul*. oULu- iji; J^f -y ^^Jl j j^J| oLyat liLyi iJU ly AJ. 

.JyaJl iUj o^>«* oVl Lpj .MOV A,B ikJ^ A Jl B 
JNC MULT1 

J».|ji (1 lij S>i JNC -jp ^xo . tjij* iyrj f J*l jiill» ,y» JNC . i_jjUJI .xJbJJ LSB 
SjjjfcJI Jl jiajj ^j+l gJlJl Jl VJ^tfll oJbJ! lJlJh "& y^, Ji^pJl utf I •>! . JjjJ. 
&1 &* 0) **e*U k* 1 — Ji>»^l <JLS" lil \*y>* . jj>- JL~ Ji \J jJLJ ^Jl MULT1 
Of <wj£ "i 1 ^ ( C J cJii-) (1) i»JtiJ i,U* ijjUall i JjcU ,juJ! ^f ^.j cJlS 

ADDD 

i£yr cS-Ul ^-*^ 1 £* ^jj*A\ iJjJl t^f D J>«-Jl oUyi* &L~j i^JUJl «_»j£ 
a* g^i-J '^>» W-Apf v^ d i>j^ Jp iC iL^ll i*J £-4-1 J**- . jjjjJLl g_;Ul 
^i+l g-JlJJ S-^.-^l i*-J*Jl 0^1 jy~, .y\^> ijjS Jjyi ADD i*J*j 
RAR 

i (°) tkp^ ^-^ **s^' ^-r^" ■ ^s-'j t-^j-f ^*^ 1 ^1 t - *^ 1 ^^^ jj^ 

.Jj^dl 5JiO>- ia^tS" yjji-l gjUJ JuJl ^aif aJUj Ojii .^^Jll jl~i Jl Jl^yi 
Olyat Jii4 £_*>J.I (»bL. iB J^-JI J* y^j> yjXS (27.9) JSLiJl j £-J>y> \lt> 
. B jJ^k-jI Jl *_«>cil oLi^i* n_«jJ itL^o T-\z>*J . iS%a ojj+tu B 
MOVB.A 

: iiUJU JjVl iJuJl Jl iJL! 
JMP MULTO 

ly. ,\^y J >JJWI jkJl t MULTO ol_^ tfr}\ j£ ^Jj^> jf- ya \1*. 
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.(28-9) JS^xJI J JjjJL-l JUjc-Lj LyJU. ^-aU^JI O *u*>o i of ^jUil J*i cj^Loj 8 
■^ JS J L-rfl ^ .JLisJl c^ ^ ^Jl iJbdl jLJl Jl u^l ij; 1,5 Jj.jO-1 J*$T 

^*>-l .i«JUlll J~iLj cJj J CJ^U«*JIJ t^jS^Vl <U«j»iLl (»-illj C iL^JI ifcj AX II oJUjp-Vl 

Jte)\ jl*JI i^i Jp J-A*i jf ^ .(Dj)3x(Cj)S ^^ Tjl.1 . iJU; J£J dUS 



S£ 



^ 



MVI 0.0 

MVI £V 

MOV A.C 
RAH 



00000101 

00000010 



0O00OIOI 
0O00010I 
00000101 
OOOOOIOI 



00000011 
OOOOOOII 
OOOOOOII 
OOOOOOII 



ooxiooi 

00X1001 
00X1001 



•c' 1 



(28_9) JSLUI 



.ULA^y ^l Aj-L-Vl oLJuJl flyt JUjcu-I la* ^j^ill iJU* ^iJjj £-J>j>. 
i»ftU ^ Uajj 0^* \/>j ■ *^Ul J <*t^il o}U~J! Ca>. oUjLJ.1 Ji; ijLS' ^ ^ 
•u%*~*j\ J>^m ,jf Jp spL. iU,j ^j^j i ^ V -oV ti£JL«JI i_^Jl oLLUJJ dJl* 
ju jaJJ iit-U-1 jo*j villi ^ ^ -Lrkj^ u^^ Jc* t-*^ 1 J ^— JJ <r^ 

JUjCU-L Jais (S^^oi.1 U-Uil SJb-,) MPU J*-b g-.ljJl Jb4 J&j >_i5 L,f_, 
oU*p iiJj ^jULl (1UJI ^ ^>^JI gJUll j^l J-^ . aJL^-IjlJI o!jU«JI 
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SIMULATING DIGITAL LOGIC BY i^ylL JU*J Jl blttM SUb* 
PROGRAM * * " " 

OR j AND Ji* iakll oULdl ^ i^L-f apj~>«x jj^ gj^ -JU. Jj 
SjJL JiU & J- aJLx. i^j i.V fcilSU oLflj^j jJad) SjJOJl I^U .iJUJU .NOTj 
kip 4*akLl i-aUijJl ^ jLpJl -^ si^- .NOT j OR j AND ^->\jL ^JyJl 
•^c Uk« iiJij if J* J^ai-I Jp [pli <jj& if gJUll jlS^Li t iWHH oU,Vl 
*k,l^ iailjdl jf v"Udl Ukll JIjuJ -jXc iiJbt-l J . 5-^1 vJL SiU UjLjJl 
Jlxs-I •_£* .pjU Aif tf^ill II* *>**» ^jj easy Of wi Ujapj ..cJISOi p-*Ujj 
£j \jJ £-** II* ->J .[a^j _ JiUi_ a^lj ^j^.] J* g^i^ GATES v!*^ 1 
• Wi iil^ «!>{ ifjJl Jl J^JI v4 • !*US3I J j£ ja; Jl jj>ajj*?jil ^ rfj: 
£~k id ^U^JI Jp ^-J .if_^ J^ U.IS iJlij £JU JiJU^V if^Jl uia^ 

.HARDWARE l~£jA\ ^J| l^aiu^' ^J! J^U-I 

^Ul Jla^u-Vl op Ji* ^ n£/waJl 2-*U^Jl ^aiu»J jJl j.^dl ijo-j t ^i, 
oU~kd ^JiU Jla^lS" { c fJ k^\ g^UjJl fJi>^«j . oLf I^JI <k-l ^ li\ J £*i\ iJikJU 
^-JUJl ^ iSji>^i\ ^jA\ Jjkj of tijjj-iJl o» u-^JJ t^ili ^y . iJlj-ijJl Mi»II 
.^^Jl cij^JLI J* OtailSi* obJVl .iJl^iJI Ukll l^ai^j ^l oU&Jl ^jf 

j ipj-Jlj ,j*to*d\ j*Jl ,y> Uj* sap iJ»kJJ L-AJlt^Ll if jil oUaic~.5U 
«Ajr! l*r f '-j- 1 ^ ^ M^ .jjs^l v-Jfc a^ iijyy ^^^dlj ^ii53l J *]^,_, j^i 

J^l ^vai^ JJJi J} «U1 . if jil oUJaill JUjO-I JLiP ol^l^lj Jjl^JI Ji, i^U- 

i-SUJl-yAj 5^^ ila-lji ifsS'jJI *-iJI Jlaj^l ^ iii*f iujf o^l (j^i- 

.j^tllj v 1111 -* AND /OR v l^fj 

PROGRAMMED INVERTER £^41 iuibJI 
o^ 1 ^ e)j*1 Jl J^y ^^jk* SjLJil Jy* . (^1) NOT i5J.j i-iUll J>" 

.sylaU ^^11 J^ji (29 _ 9) JfCiJl J o-. -u-SUILj 

,jL*> ijikil i^aJL Sliii^ SjLiJ ^.yj (1) ijikil Ju-ilL iU;^ ijli,[ ^,y 
Ji)tdl aAL ^r*^ Jli« Ji (pi .ilv»jtl! i^JiJI j»^ui g-«^jJl J *— STjJI iAJij J^ 

.8080 SJb-jJD 
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IN 


3dh 


iJtJI JLiil tl^. oLj^ U) 
(A £-~J.I j| 


CMA 




(A j-ai f^) 


OUT 


SIGNAL 


ijUt^i j **ai mi o>^<) 



J^ad 8080 iJi^jU ,^-J^I siliJ.1 ^ .l-A>- i^.L>- OUTj IN oUJL~^r«' 
Jij IjU*- . -Lite* oUI^Ij j£ij If-liz* *AiJat J-*-^ oLJLdl oi* . ^/rjU-l il*Jlj 
£UL|) J*U« (ii!lt!l ,y iHJ-l <a* J) 808 SJi^l fyfci (N) i*JU; Jjf iJL* >»j 
iUJ jl^JM jj^jJ .(DC) jljj>- j*j ^JOj oUL c — J S-JUJI iliLl oJu .i«Jjdl (iJliJl 
Jix .(256 = 8 SjiJl J) 4*j»j* 2) iwiU-l iJJ.1 Jl OOr y^ai\ l3y> y SjIp hyuiC^- 
f'j^b (J^ J 1 ^ ^f u**~li Hj^Lj J^l J 5 ?- - iJLO'l *-*Jl »J* t>* S-A^-lj J^ 

.(JUi« I/O 



A ^ x 



(29-9) JSLill 
1L«£UII ynj 



JLiLlI *jl^ ^£cj »/IJJl Ju*f 8080 ; , *>-pi Jj-j t iv»L>- »S^ ia^la^- JLjclX 
£>jJI J»U (LJUII aU-l) A15-A8 J*, (JAJ! BUM) A7-A0 ,>.- J* Jp DC ^-^j 
.£_*pJI J 3d Xlil J^w, oly^t Lu" Ij^f .(3d 3dh <.$&, t jVl ByjJI JiU Jp) 

J i>-Lv« il JL>-t V ij*J (JiU< Ejyi 256 J-ai£) iJLai»« OiUw ifj^jf ^ JiiHl 

.^IJJl 

. (FOH Jl OH *J> tr- 5 ^" ^*) A t-*^ 1 ^k^ CMA ^' W*^' lT^ " 

l^w| ,y jJLj 1,5 ^j IN i^Lu Jt» L>" t OUT SIGNAL aJliJl iJLdl J^J 

, iii» tij^ J 5 ^ til ACC «_ »jjJlI obyyi J-*/ ^j^i 



J*aII ^juJI OljiJI L.f (DC iiU-l »Ju» j) J-* 1 ^ 1 Oj& C>f ^£ tO^y" IA) 

. (UjLi c^>wiy j5 *ij>_^\ <!)f <^-s > -) cSj-«j Dlji*' jf 
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^t-jlill is-jJ ;y> 44 iJjll !Ai») oliL /»!&u*l «N iiL>-)i i*jLdl «_Jas~J ti*o^><5 
^U^JI JUjcu-*^ (UART ja "&») JUdl jl^- j^ aL*J>ji\ £U» >»!>Lw»l jt (D o^JU 
(D J UUJI Jl 44 &J.\ ^i.) oULo J-y Of «OUT aJU-» i»JLdl ^.Ja-...J .<u-jj 
*_*>J.I oL^i* J*2» CMA i«JL>dl (j-SUl . (UART ^) JLiu jl^. Jl niiJij £l>-)i jl 

.A 

SJL>-lj iU»j Jaii i*£ J^-l j* . JU- ill J^ t AjjP^II ifwJl ^ « A* 0_j5o V Uj . JLs»-l_j 

. s-LS *lJLi^u-V Ajikdl AND Ja*i-J i_jli' o^l i^ji- . MASK £L» JLjw>I >_^ i-jw 

r-I^Jj JUoj lij. (1) *JU>jJl («-« <l>s<»jll o^Li^ll (J-SUj i-Js'jJ Uf ^j^ liw 

: JtJI a-jI^JIj i-ySUll 4JLSJ-I SjLi^/l j^j" . ( Ju>) 

(A Jl ijLVJII JU-a) oIj^e) 
( ibi^ii IjSIJJl ^.i^ J A jij) 

(0 = tfyt-ty O^Lc^Jl £_<• iA j (1) il*ji\ J*».l) 

( nUijji ijSlJJI «_ijj ^ A jij) 

(TEMP j* <JL<»Vl SjUVl £_J jSJJ) 

(4JL0VI •jLA'jII j» 1 iLaj}\ yualli ijj) 

(TEMP2 j ijUVl i~5 <»_. l<xr-l) 

£j^l ^kJl Jp «AND» *JLp J*jc~J .(FD =11111101) i^L*^ i*J ^o «n» 
JUi Jbu ^SCc jJI (1) iivtfjJl I-ApU o%^pi £_j^ £-xfcJ (AN1) g-^jJl IJL* ,>• 

pL_*U^Jl IJU _j~»*J LiPi ._^s«Jlj (5^>"Vl CJ%^»jJl ^_j^- CjUP «i~?- B A-»>Jsl *-» 1$*^ 

LDA SIGNAL 

.A *-*>*ll J JU-iill SjLiJ i*J L>u 

STATEMP 

.Lfe-N (1) iU^U iJUVl JuJJl /i: J*J ^ TAMP SjSlJdl {Jj* j i^jiJl JiU 

CMA 

. A oUy^- **^j 

ANI 02h 
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SIGNAL 


I/O 


TEMP 


STA 




CMA 


02r 


ANI 


TEMPS 


STA 


TEMP 


LDA 


FDr 


ANI 


TEMP2 


ADD 


SIGNAL 


OUT 


101) i. 


h w»» *.*«■* 4a*J . | 
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L^ijxj liJLsoj A-i^o ^V jisJl ANDING <~Ak* jf ^JS . f-LiJl 02 i*J ^JU 
(STA J/liJI «_i^« J \^ai>- k~>*£ .^>y-j (1) ^-^^ *** oVl ^j>- Xai .jLl^Vlj 
. (LDA TEMP) A J»~JI j iyjijj *JL>Vl Ugoll tilJiSj TEMP2) TEMP2 
ANI FDh 

^Uij ti nmioi j*; ^y^cJl fiUUl, FD .A J^Jl J (1) iL^Jl *ji; 

Syyll iJUaVl <*-a1! A j"Vl ^^ .(1) iL^Jl J* J*5i jjjj fLaJl lJUb . ^JtiJI JbJl 
iJili J (1) SivjU ix^j^^Jl i»-i!l «_«i» Lp^ .(1) iJUtfjJl p-J>y> J y*-^j J*~'^ 

.TEMP2 ojS'IJJI «_5j* -^» lf>t*>cj «_^Ll 
ADD TEMP2 

.A J i>wdl £_w*J .TEMP2j A cJUaJ 
OUT SIGNAL 

. 5JU Jb>- p-l^i ejLilS^ *i>«~JI S^J 

PROGRAMMED AND /OR FUNCTIONS bujjJLI AND / OR tiilti j 

^ Jui (1) £jU-l 0j^ .(30_9) JSLiJl J Jwi AND GATE £A\ ujL, _j^, 

LDA SIGNALA 

MOV B 

LDA SIGNALB 

ANA B 

STA SIGNALC 

of (.jLi t Bj A J (1) iU^Jl Jui jLtf-l ^ Ci\S \a[ .(Cj%*j 8) SIGNAL Cy» 

. iiUil oU-lj] AfA i_Jk. Vlj 4 iLto t**ilj» Jj5J 

LDA SIGNALA 

MOV B 

LDA SIGNALB 

ORA B 

STA SIGNALC 

. J-ii> IXJLo _/St Sjlb _^^j Lpi . Ja~w £-*kjJ\ 
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FLIP-FLOP SIMULATION udfittl SliUa 

,>■ .QjQ u^r^b C^y-M v 15 ^ 1 js*^ . ( 3 1 - 9) J&Jl J u** v^ 1 >*J 
^*t . o/SIJill ja *Jj* J l^jsi -^x jdl Siji* SL.^ i_JLaAI Jjx -^SCc i^kil ij^-LJl 
^ (1) i^ill SET 4L4JI 0>^ ^ .jA^A. iU»j>JI UxJ jA^. i*Jtll RESET it^d! SjUJ 

. J.U1I ^-.UjJl Ji Ipj .a^Ji 



RESET 


LDAA 


#0 




STAA 


BASCUL 


SET 


LDAA 


#1 




STAA 


BASCUL 




(30.9) JSLJJI 



Q 

S 

a 



(31-9) J£JJI 



J&l 



yj 



. (0UU1* iJUJ JjS'lJJI itiS* «jl^uImJ aaJLU 

.j*>-tli jJy ^j *«u \£jt-\ z\siL* 0V1 j^p^^i 

IMPLEMENTING A DELAY ^UJI f laiiuil 
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* * 

(Uill j^-tJl ?«-~Ai i oljli ^ x^>w iJ*j aaL>- JS 1 JLiJ (^.at ti>j3- . U^j^vj b Jp 

jcvfcjl .Last .8080 SJo-jU ^-'j^> j£>-u Jj Ijj . t_jjiJl ,j^«j *—* \a*4>*+0 ?xJbJ! 

. oljtl J^ aJl*i J Juu ilJbJl J*.-* (j^l^l-i 

LDA TIMES 

LOOP DCRA 

JNZ LOOP 

J L*j i*-iJlj .TIMES £-i)ll J ^j>>->« J*<kJl Ws* S^J-i li^' oljll *JLp of 
jiiil) JNZ t> L*> wJl J**" j*- DCRA i»JLo J»«JI IAa ,j*fcj dUS Jbu . A ^*>Jll 
. V ff jisdJl JJ i>jL~« ^UJ^U i>»~Jl oJlS - !i[ U l yt>^ (jin«ill Jl i»jL~« j^& 1 lij 
•yt i^wJl Oj*i-«l !S[ . iibLJI DCR _; L^ jJl Z *JL»> ^^axi; iiJjjJl aJlA JNZ j>^3 

J[ 4*jaJI JsaJ (jijs- .yJU-1 *-iJiij| Jl oil Ij* p-»U^Jl fyb JJV- i^^ OjSo u)f Oji 
Lj^^i* TIMES J i5jL»j pjUl jj^td! . «-*UjJl J i*Jjdl JLiJj pyixJl <-4i_£> -> ivaJl 
. SJtt Jj 5j-i*jf oIjjj ijts- DCR i*JL*j* ^ . IL-t .JNZ S^aj DCR Syi £>»>■-? 
Jl LjU. UU-I ja jb-lj j-l^cd JS31 J>JI dj£; lLUJJ . UJ J, 1 Uuf JNZ vJUrf 
{j&Cj iJtt J* 20 {ja Jif jrjjib jJxl ^£c V £-*jAl ^v>-tJl IJL* JLjol-U .iJli J* 20 
jlJLuJl ,_yijP of Lcj viJJi JJ iiLJ| .iJU J-.20JI oUpUac jj>-b J* Jj-^J-I 

wt-'Lij—Jl IJL—a J ^-i-_jij 0^*^' j<—>-Ldl L £«m*sM JL-J-I jc-j^aJ o^Lvflj 8 j » 

.Ul J* 5120 = 256 X 20^* 

J?- Jsuwf . i^dT SiJwO* JjJU- >lJli*I«.l -jSU-s dj>t>f j^kJl dj^-i of '-^•j-' 1*1 

l^fj (U*p jj JO) NOP Jli-f i»JU; JS" (^L^u .JNZ j DCRA Oy oLJxJl ^y 
LIMITATION OF PROGRAMMED LOGIC iWU i»SLUI oij^j 

if J* J_^aJ-l jS^ . oUf 1^1 ik-ljj i^kil tjiJUijJl Jp J^vasLl ^ uijS" bl 

JLAj g-^UjJl of ^->-j ciilli £-»j .uiSUijH .1* ^ COMBINATION Ui\y 

t">VLa .(iJU Jj£*J> tSy~~» Jp) Jj>-lj L>l J oL^j» JLiJ (j^Uil JJ K j^A h»_JL(CJIj 

iJjjJi J . (K&£ IfLJp i^U- ^O*. Jb-.jP dLli »_.j) ^JIjJIj _^-tJl jJaj SaU -jS^? V 

Jp toJLft . cAj^cS\ bJla J~kJ aJUJI oUjSH* jL>-^*bf *?-U-l liJLii <i)JL>^— ±i tJ 2-)«J-l ^.pl 

.viJlill JvtiJl J oj^jll (PIT) ifjJJ JjUJt v-^Jl oljiiJl cJ^ JuUij t^j^^osLl 
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ijjJi .iiirft JjL yiy^i ukli i,. pi- ^i ejsit^j ^ ji^n/ - aJlix , ^^ 
<4J0J . ^jil oLJxJl JJsJ i£c £b> ^f JL^l ^^j r w J^JI ^ ^^Ji 
M\ j^ .ifJl o* '*^s» *li*t U^pj ^ULl ^^dl JjUj oVl U^j 

HIGH-LEVEL LANGUAGES tf fi^i £dic OiiJl 

,y ^ ^f U-U^li cUJoJ .(aV^UJ^I fcdJL l^ ^ c^Ul ^jf) i^U^I 
i^bt jj^ ^ ot £-v-il jAaft'Sf ti^jull aJU oUUl JLjc-L .JjjfcJl Ui 
J-ljJlj ^JjJIj i*~iJlj V-r *il Ji, ioL-i-1 J,l^| ^jiS j^_ . Ji!>JI_, o}U~JL 
tfjUl <JUJI ^jj| oUJ jijj dUi J| SU^l* . fcUl ^ *j^ ^¥1 i^LJI 
. oUUlj oU^vJ-lj oIp>*»JJ Js, olJULI oUKj» Jp J**JU ^,U ojL^ i^ij.Jl 
J«jcu-a .ApLJ Of i*1»j«^JlI o«JJl «_^>- icjUJLII ^Jb-j Lf.JUU ^1 o^L^jdJ -Sis: 

■ *^l>fj gr*^! viJ^" J-^»f s j j-** v-"^* ^' ^^U ^^ «^b <kL~* jl^; 

ai. UU&> oLJa; Jj y ijlsli J^, jp .^.i^ juju ^jjj ijux* tJUj 

.i^sdl c-lalj Bj A U» •jcJI ^juj ^"bJl »_ — 4 ^| BASIC 

10 LET A = 5 
20 LET B = 12 
30 LET P = A*B 

40 PRINT A, ,B F " = ",P 

SO END 

«tf u 5 ^ li 11 ^"^ irJ t^lA-jf t-k- j^r^ t5jiJll yUJl iaJUl ^-jj ^ 

OUjlo Jl A^iy ojj^x; ^jXJLl iJUJl iiJJl J i^jLu J5" j^^Sj . ^jiu^ ^JU. U Jbio 
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^J ^LiJl JbJU «JtJl y>J\ of VI . (J^li frj*j <-ij^j>) U\ ^.H £-"^ prj* 
JuJt. yj\ .i3Ul o!*>— On t5jjj-^' Jf- J 2 ^ i>* -C^ '^ lA:p P-^ ^ ^"^ 
iiL ij£L» i_j^ll yj\ ^y o«-U5T Jif JjLpy* ol^jJ.1 sJL* Jli»f *>^£ ^JUl ^Uill 
J^iiL p^ljjJl *»*>- J-JL2jj yii* JjxJI iPj-a OjSi of *-•£ Ujlp liAJiJ . JjjCJI [£y+~* 
APj-Jl i»jL»>- ,Jp ifjJl (j-0 Js^ V^ Ic-s*" • Ji)^' **J **^* J-*«i">J ' J^i L» 

JLmj . I^js.-uOjj puljJl i_4.tfT ap^oi ^W^ ^^!J ^U>L«j^-I oiJl>-jD i_Jjilail _>Li>~ Jll 

u^ >f a* ^ 2M «i e^ 1 4 WI &-M v** r 5 •&&* i*ljl> j^tji 

THE MAIN LANGUAGES iuu^JI oUill 

BASIC C ^* i^wJl oULUll ^ cj «A**iJJ iL^I ^jiJLl aJU oUUI 

.PASCAL j 

5iU f»jS iiii\ .JLa . i-iUiJI {f^il DARTMOUTH US j BASIC 2J Oj> 
<_Li£JI Jj—j br iJUs <JU-la «j_^a; iejL*J SjLp ^Uf Jp JuU l^f ^f tLJWi 

^SLjJ U>-laJl i^^iJl jilJi^.1 il^^-J \Jai .jw^ill !jl* iiJL; J BASIC 5iL g»--«^ 

.iji^all v*-'^ 1 J *5u*i-l g-wyMl BASIC AiJ c^j^f JU» BASIC ^ ik^ 

jL« iL.j*p . JUai^^U S^aU-Ij BASIC &L L^sai ^I^Jl ^^Sijip -Url^ 

. J*«xJ.I ^ij*Jl •--»>■ i^iJl ja i j*p -j,. ^^if it^ ijj if Ji* BASIC 

ISy US PASCAL jSju .a- xAIj ^JuJl J^i,- J fjblji. "^J PASCAL oiV 

^ SAuUj SlyUl g^l^Jl ibJ J^j ol iJLLc PASCAL ^ <*^l ^iLJl ^.w' 

.ai*il (^5Udl oUJkJ ij** 

^ U» J li.Uxi-.V oLliJI y-ljf J AT &TBELL ol^ J o,jl> JL2i C iiJ L.f 
olLJtfll jla&tl &£ JJcidJ l^UiJ ^^.fj IjgSS UNIX o_^il U J,o . UNIX JJuil 
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PASCAL Jt. ISja «J ^ C iJJ . ij^ dUi a* C Oj>; JLii a>juAI_, ^JUJI 

iJU 5jJ C ^^Xju" "il . ^LjVI iif~-J A^wilj £-"ljJ AjLS J^ jJl ijfy ja\j\ iSjJ-J 

^B ^ LiUi -j- ^Jb .45>tJLl iAiidl JytJl iil5Vj FORTAN Ji. lJUr ^^1 

SELECTING A LANGUAGE &UI jblal 

SJ^fJl ^ BASIC J JL^ll ijil .oUU a>UU Ujil JUll ^1 J ^jj^ 
of J-jcuJiI J^^-j eijJji BASIC cj\jJS jfjJ i U>*p_> . oJJl oJLa JIjo l,. j£c jJl 
.BASIC JUxlwmI jlp k&j: j& ,_£»-jl iJU^- _^p j* oU-JaJI Juu 

g^JI ibJ J^ LaV oJUULIj iu-ljJl g^ljJl J JUx^^J PASCAL JJ: 

flbJI i UNIX J iuL" J*ni LiV vJUl oUcL-kJl g^ljJ t^Lr-J t C UJ J*jC-j" 

t<u-,Lj jJl &JJI jU>-V ^jr^l Js-9 v-jj-iU-l 1U Jl S JijJL?- oUJ jlj^-u-L J>-o; 
«_»jjil Jp i^j^i* ~*J\J>\ oLlku iili* jSo J lij . p-A>jA\ ,y>j j-** 3 . iilJU-l ^Li? ij 

ojjui ^JL5j SJb-lj ht-ji AaL /iljJVU aJU-I ^ alfi> cJl^ lij . ■j^jjl jjj£ J~->£; Of L/£c 

. a^* 

oJ JLjC«»I JLiP Jif Arf^Jl iilS" fe-waj A^Jl ,j-0 ^^Lail Ij&j <^JJi JJ AJL^J . Ji^txJl 

a 

JfJl oUJaxJl A-*^- J i£jl~Al aJIp **^' Uj^P J-*"J . dUJU AWaJ . c gj7....ll aJU 

olJb-jJl y j^S z±s- ^-IxJj i_*^ (j^?- .la?- SJiiniljl cOlJb-_pl -j^ iLli I^IJlpI •j.<i..^.'J 

^jX^4 ,Jo iiL UjaP ^c—al^l t^Si jl >_jij o^lJLlI fr^^~ (Li«^ iU<aXsMl J»L^ J^^ 

ADVANTAGES OF PROGRAMMING ia^jJI Ll> 
LJI oIj-jJcj L.LS J^ yif ^U^JI ^ j*Jdl ii)lJb-l : (Flexibility) lij^ll 
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j plla^Vl al£j .fotiJl J-Aiil J 1 ««.*■... ^1 hjS htj, oljpfj Sijy ^j .i~S>Jl 
Jts~ u 5 ^ ^-^ • ^^ *i*^ 'k^ J <°Wrl j-* Jif U»j S^UJI J -i^tj JUU. t^U^ 

oL£. »L ^ . Lpyi\ g-.ljJtf L5> j^ jf j£s ^UjJl JJ of Lit Ljj 

. i>-U-l _^a; Ujuc g-UjJl Jl lf»U*l j^e SJbJb- uilbj aIjuV JLe^iJI g-L^U 

jnu 1 ^ V 5 ^" ^ M 1 * l ^ Jl NrfLwJ-l oIju-jJI c&J-jl oUjLJ.1 «^- ^ JJLli jlp ili»Vl 

"-^ g^S. ••^1-4 js-Jlill *>-J ^ oLjfl^l ^^vajj »_a.>tSCJl SjLp ^04 
SOLDERING f U- ijISj OSCILLOSCOPE SjUVl ^ jUi JA*) g^iy 
^^p t £^^lyc_i^JI 4rff t dlK ^ . (*~Sji\ fcJl JUxu-l JU J IRON 
u^ J t**fcU oljiVlj oljkM) .Jrf *JLU1I Jf^u- vUUJLj Lyj oUUlj g-lijJl 

DEVELOPMENT SPEED jj^idl lip^ 
j<& *&) -J^Li^ JjU-l j^j ifjJl J iyUl S*U£]| i«^Jl Ua JUo2j 

^^Ul iJU iiJ JL^L .i^U Sj^ NUi ^J^l c _ r ^_ ^yJLi iJU iiJ JU.^,1 
■ £_r«f v>«* J|>-Vl Jl t$>^» gJU- J* stidl olJb-^l ^ jjbjJLl cjUidl J>.Jb- 

COST EFFECTIVENESS *U£)I jjifc 
<> g^ J*-**" *ie- ijjSi* iJaJf J* ifjJI *U£J v^JI SjJLl i^ o^. 

oUJd C J ^^J ^yj\ ^»U; of ^ ^J| oLl^l t Ly*P .Sj-J oU, gjsj of 
Jii Sjj-SJI ^Ui^l ^,U5 .oLfljJl ^Ju dUi -^ Njui .ajujl 4Lii ^ i^U SjbJUj- 

ijJl £-t>~&J <-&£S yj JiAy JJUjJl -jjjjj J Jjf ^15 Uif ^^J" V-^l 50UJI ojjh 



449 



J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



PORTABILITY JaJl #.#-. 
I JL* j i«j , A»j«JI i«Jajfj i*>«-~ill if^l oUJ cr ij oUsLoJ obsUl c~«ta L« _^-l 

4JUUJI J«jb'Al OjJs t!)\i« . AjjJwall oLi-LicJJ 'jijtUdwj "4-»"Li oLsfl^J jJjJa^J j»U*—J Jfl 

Lj*^ .IBM-PC Jj PC- iw^-dl i.jkil cu^-^fj MICROSOFT JJ ^ MS-DOS 
Jtffj 5JbJL>- 4jjJw» cjU-Lw J* :jj>-jil 2~*I^JI J-*-£J aJL;L5J1 _^t pUtvJVl Jp Jj JiJl J 
ijj^ll p-»ljJI J-i-iJ ife *k~s .INTEL Jli*f iJJtfjJl ^yC^A vJJlAI jl* Jjua*J 
i*^j 80386j iU»j 16 Iuj 80286 Jp o5Uj8<»-j 8080 t/^voJl ^JUJJ 

lil J~r«-Jl IJla Ji* v^i "^ 0^ • u *J*r ~*?£j Vi J* J***' '-^ a k ^^ ^ "^ 
Lj -^ S u*ll jj* *JU>)1\ oLJL<d! (jAjij BASIC ^ l»oyc u y CL s ail -Vs-I 1 !>\i* <, a-^j 

«_«I^JI L*Jy> duos' . tSji-il iJUJl oliJJj JjjtJI 5JJ if^ JvoiJl IJLa J Ul^j 
JSlill u^^iJ <l)^l 1-i^u.w . i-^jJI Vr" i«*-tfj J[ L*Lj if jJl ol_^ bb-uj ii*ill 
IS'Ltll dJLa Jj- *^\yj *J_j-i; JiL^y ^jj^ 9 • °j jl^l p-^'jj" *^^i iwtAl 



■** l±->~. 



^U-l ^^jdl J DECLARATION oU^dl -j, ^^JJI Cj _^I : 1_9 

.ASSEMBLER 

? ABSOLUTE PROGRAMMING UlUl LfjJl ^ U : 2 _ 9 

^RELOCATABLE PROGRAM JiU JAiJl g-U^Jl y* U : 3 _ 9 

^SYMBOLIC LABELS ^>^Jl jjjfcJl ^ ,»)! y» U : 4_ 9 

^EXECUTABLE INSTRUCTION JLi^JJ ^UH i-J^ 1 ^ u : 5 - 9 

LITERAL jj^\ jaJ-l ^.jf OPERAND J^Uil ,y ^^jJIjaL- : 6_9 

?iJLdl J FIELD 
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. MACROS <ijk^i\ g-^ljJI ■>• ,»JI ^j-il 

w- r J (1) S*J«JI jL»-V iU«iJll Ukil [jL^-^Ujf] OR jp !>bi Japl 

.3 JL^Jl 

Jl _yw> iUy*l ^_-lizl iJLucJLl vkil [^ _ jlj] AND -y ^ Japl 

.L<^ 4 

?ROTATE jjjJsIIj SHIFT WjVl ^ JyJl L. 

^BRANCH INSTRUCTION £ycJl i^Ui ^ ^yJI U 
9CONDITIONAL JUMPS AyjAll >uJl JLjcu-I y> U 

^SUBROUTINES ipyiJI £_*LJI ^yj JlwcJ ^1 
.JLJfcJl J«!jp jvJI t^S" ^1^1 d\S lii ?J-A^_^ v^ 1 g-*'^ 1 *■** J* 
«_-U -r JI «Jf J*jC-J \i~- STACK POINTER iJUiil _/i> U** r^il 

^INTERRUPT HANDLER iuMiU JjL. y> L 
uLS' ?JL5iJl t i*i>Ull 5jji fjLJ* (j^*- l.\Jt '..II J o!iU«~Jl ii«^ d)f *--£ lill 

i-yill ilyJlj IMPLICIT ADDRESSING J ; .u.,^l1 Sjuil ^ J^ill ^il 

.IMMEDIATE ADDRESSING 

. INDEXED ADDRESSING L-rfAl tjuJl ^ji\ 

.INDIRECT ADDRESSING i^SUI ji. £y*Ji ^Al 

. «ij u« »~~*j>- P^J ,}£ J, t .C w (i* ?-jJilj <ijy*lJ *Au>«il fl^VI ,j/»jXU»il 

J,U; jj| Vj ^iJl UwJ FLOWCHART oUL*)l ^ JaJa* J^li; c-il 

.(26_9) JSCdJl J g-iUjJI 



7_9 

8_9 

9_9 

10_9 

11 9 

1 2 _ 9 

13 — 9 
14_9 
15_9 
76 _ 9 
1 7 _ 9 
1 8 _ 9 

19 9 

20_9 

21 _9 

22„9 
23_9 
24_9 
25_9 
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, (28 _ 9) JCiJl J .jJil Jj oJLl %: ^,^1 iJu^ jjji JuTI : 26 _ 9 

LjtJl ^ji^jt iil> jf*fc p^^ji •>7**^l .' 27 _ 9 
ASSEMBLY-LEVEL-LANGUAGE 
.L^i" iJli j^j> 500 Sj^i j^-tf tfy j£\ 8080 SJb-jJJ 

.PASCAL j BASIC j tC oUJJ ^Jl Lljil Uu? : 28 _ 9 
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j*&Z 



10 



OBJECTIVE JjfJI 

(J* oLidl iojJiuJJ 4j^JI *lj>-Vl ^-<wajj j«— *>«J i-jLS' iiLLJI Jj^aiil (J IUjUj 
JSLiLl J} J c C '^ i . iSj*-* 7?-^** pUaj ji^iu iU-*adl iJUdl LliljJajUL J./J«l| IJlA 

ft 

THE STEPS OF SYSTEM DEVELOPMENT jOBiJI jj^fcuJ oiyaiJI 

4Uwid.l oljJasLl i^JUj" ■juj j^jjl oLUjJI j^-J j^-L-f Jak£ (1-10) J5wJI J 

. iJUl* jljtr iw jjj Ji-Vl Ji JpVI -yi JakUl IJUk ^j^JU- . f IkJl jyJaJ 

PHASE 1; DESIGN AND EVALUATION ^lu&JIj jl^uJI 1 jjldl 
Jlf U>-JA .1* J . SlkJ.1 oLL^I j,lkJ V ft L.L. dj& iiUl ij* IjJl jf i^jJI 

, 4JaJai«Jl oLtj—jJlj oLJUotll jrw. oUakitC ti_Ji^l J* t oU^^.sa'JI 

PHASE 2: DESIGN VERIFICATION {u*4UI & ^felll .2 j-jkdl 

slSloJJj 4-n^-jil ^-"I^JIj JjjJI J* (J ^>«i)l ^ cjLH iwjf JU>aJ -yXr 

CjU&JIj oUJ-yiJl -yi Ja>C±I (L^i*j £*j\ iL^o !j_^oj L«[) iJjVl roLoillj 
((1-10) JS^iJl J oLJL«Jl j^ Jaki ■y jliJl ,^L*I| J o^j^ IJL») .^o,..,,^! 

.oUiJl oJLa -y ^ 0^1 j~>C~i* 
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PAPER CHECKING Jj^l J* l s*»ii\ 
II* J ^jlill JliJ .i3jjpl J* (j^sjill iJJi; j,p Jic yk (28 _ 9) J£jUI *_-LJl J-^i)l 



o 



•IJU.1 



j=j2* 



* 




© 

© 








iisuii 



) | 4* Vl g>- i " | 



_L 



LMfiil 1 " 



il^ylj^jl 



I 



— jj-*iJl || . *. 4' 



I 



IX 






°WfW r^ - '! 



«m<t!I JjLj 1^. 



T 



h 



j 



1 I ■ 



^-<* 



"F 



(1_10) J£jJI 

re_*lijjl -j^ ,_jJi .Lft'J i*-^- *I_^-J (jS-lc .^liVl *-j*^ I^T '^S*^ C "1 A-i2lJI oJLa 
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BENCHMARK PROGRAMS V^' g-*ljJl 
*bVl ,ja*-ii J^C~ll JJ <y SiJxy hf^-" *^^- ^S- cf* V^-A' ^'jA 1 
JUx«j i/wr-y p-^jl ^^ l -r£ ' £-*^W 2»li£J (J^Uj ^LS jl.ul J?-l ^ . Ow |»UiJ 

oUL-l*. Jp ojlyil (jSUil <y <ili (0lPj*>Jl J* £-*^ J 1^) £>*»* J^ 1 ■> J 4 
»^J .jJaJl ,y £>Jl vUUI! Jvi»Vl j^_ £_)U« ^f ^ jl^Jl Jb^f ^ ixUly iibfc 
ji\ Vriji «-*ljj Jbfjj" 4k~Jl CjNU-I IJLP L. . jiUjA j^iljJl i-i^l IJL» Ji« iJaJ-l 

. flkJl *bf jju^ 

SIMULATION StfUll 

tflaf ^LJ j£c ^ill (^1^ ^ Jt.) >L (^ ^ Ji,) J^lj jl*>- Jlxs-I 
Of j£r JjjtxJl «JJj l-^J ^Jl ^IjJl i"^ -<3> °^ "IS"^! £_*^ j£s .JS\ *J_^-h 

i^ ?<-j\zJ\ ,y> Ai->^l iiJfcLl J i.\ds? iiii p-S^ (J** 1 W 1 ^ 'ti^l ^f^ i>*J o**^-^ 
. L ^JajJl ^Jb tJijtJI i^j^-A £-*^ J^"' ^S* ^ ^J^ 1 -iJi^J^I Oi^ji 1 " o* 

PROTOTYPING hj/i\ ^iUJl 
DESIGN EXPERIENCE t >„.g..^11 S^i- 

Ijf- . (^As-aJl o^>- ,_,» (ilk . *~;iJl ii-lJ. i^-L-Vl J^IjjJI Jb~f jP JOo *J^S3 (I 
^Jib*^ rt-^^aJl djLS" lil U _^_/iJ (V*«-^JI J.>"X.. ' >fra «d,aJ C >«j rt-f* jW*^ l^ 1 jt-j*-^yl 

.V.f hjM\ oLi^ljll 
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Jy-t .JjJii\ II* J OpLj oljpfi' ij^" ULivaH, ^J| ^jVl oUfcJI JUjcl-I ■j£c 

^Jaill »bf> ijjUail J* p^wall ^j^i Ji. tsSU^?! i^li oU5 jl»Vl» -,->«..^.JI 

.jlyVlj iiJKilj S-XojJI .JjJiJlj i.jL^-'yij 
oLtl^Jlj i-jS'jdl ijJl Cjy. ft-a'ifly.j flkJl jj^kJ liJUJl j^kll oVl j~i«i~ 

.(1-10) JSLiJl J JLJLl 

PHASE 3: aba-ljJI j ^jUI 4u*JI qu H&JI :3 j^fcJI 

HARDWARE /SOFTWARE PARTITIONING 

lift . £-"l_^ JS^- J* fJi^«i Of t-^i ^Ul j|JUlljJ«>Uj JJlijS' i*j]idl j* »JL>«I~j 

. oLf I^JI j* Jj_}11 J* J>*aJ-l i_^ 1,5 isJj *ijrcJl olj^ll iJl* Jia; Of (--j^ Sjs^" 
^f hj^j JJUj JUjc^-I SjU JUAll -JA3 }LL» i^idl oL>jJ^il iJp OlS - li[ n5j>-f »jL*; 

i!L»* (JiUj f^-waJ .(_^lj* 7"jJ JL»J«X-<Lijf <kf_^Jl <j Jif IJUahj re_£o AJLjJaJI oJL* \Z*J\S !S[ 
oLf IjJl *AK ^yM^ 01? lil . i*JLiwJil AiJL5CJI_j f?-lliJI •J-'jJlj oUfl^l J JLajoJI jjjtfj" 
^ c iiJbLl J aJa . $ 15 j\ $ 10 _j JJlij iiLj>[ J»^~j liJU-ii «u^« lj_^«f <_j^Uall "j-»jJlj 

^I^pV |v-*vadl ,^1 AjjUxpI _A?fj <_^a>-jf 4jL SjIp rj^' 'I* J^" jx^i . oLj£Ll -j^ 

.cjU^II iJ* ^. JLL ^iJl iu«U- 

. oLiljJl *j^v<3j J& j£ jrvifj ^UxU . jj-ojJL jJLiCj 4jSI JiLJL iliiw />UiA^/l v-j^j 

PHASE 4: PARALLEL oLu^l -^Ij W-pJI JjldJ ^jl jUI ^uuuaj 4 j -jkJI 

DESIGN OF HARDWARE AND SOFTWARE 

oU^il oJLa jUJl -jSlc tuLfl^Jlj i^^Jl 4-1JI ,ju rt— LiJl *^»Uaj *Lel Jjo 
J>s . La Jp-jJ iwi'jJl a-JI jij^J <£j*^\ Q^*^ S-J^ ^ Jif <Jj* '■** • t^Jl S^. 
• c^jl-rf'l^Jl rft^J ^^*■ *JLi^~» »jj-^j ^ss^!/"' **H' i < -" ,| ^ 1 " jW^i 
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t$j*"0 7^-^ JU ' i*H*** iy^^i Ic^S 3 " * "•"".' 'j*' oil* 4mSjX)I AjiJI ,» ;t ■ /»'' _j~»J 

.iiiLai! J**- <_iJi_jj ^ o- ^r l l j*^. (c^*- tfcUJl tj IJJUj ^1 yoll Oj£> Lfj . ,^Lj 

PHASE 5: TRADE-OFF EVALUATION jjbill juaSi :5 j-jfcdl 
. ( 1 _ 1 0) JSLsJl ^ill . Ojr jJl oLfljJlj JL-S'jJl W 

. .bVl 

. «jftl>- (JjVl £Oj-»^I p-^Lri *£-y>^rJ l5js*^' 
PHASE 6: INTEGRATION AND TESTING <jA*iJlj g-MaJJI :6 jjbJI 

i—dJtj . ^yas^jUlj a_j*>*JI jA (CjLU-xJI jj»» Jak£ •j-a ^«oLJl (_£_jX»J,I) JUl jjJaJl 

itAiaj (j\ jJjJaJ iJlJadl Aa^LI elft j-Xaj . ?«_jUI ^ySl^l (Jj-iJl fUaJl n-^t^ajj (_jL£5j 

jjJiDJl JjUj <i-s- i^Jjll JJalla jjt ^^-j OLs-Vl k_JL*.f Jj .IjO>u JtfVl Uli 

fj^lall Jb^lj iJ^l* ijrj iJ»f J* jjJaJI lift J JLSfeJI ^j£ . (fcikkU ^ .2Dji ^*-!>U 
lift Ji« *— 4 jt «_Io~jj Vfl^Jlj i«_^Jl Olog^yitll -y> JS Jo bJk» dj£> <_5 JJ I 

.JjbLl 
oUjlidl jj^a^ij ,ylfd! «_j*?«Jl J..J...J ) tylj-JL; S15UII t^Lif ;|jf c.«.».^» 

.J-v<li]| lift 4jLjA J A4^>yi ^j .iJUjJl 

PHASE 7: PERFORMANCE EVALUATION *bVI jujSj :7 j ^ail 
*JL.jJ jjSU-i ijjJUall oli^ljil *liVl 11* Jilj \i[ ,*bbU *-*«; *lj>-l >--4 tila-jll »Ia 
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L~£jA\ 4_jjl <jv j,— LaJl jjJaJ jf -^wadJ <UpU-j|[ k_~>_i J»lj-i< 1 lit? • TT^^-J 
JL_0_»lj g-*\jJ\ >j »&*■[ 4_>-^U o-U> J tiJJj-^l _r" Jj^i «l)f ^-S .t-jjlkll _l_Vl 

, 4U~~£ *£-j** jijj jjJI t-lJbjjXjl 'j-o 4JL_»1 fT^^fl-J lAlJu-*-! ,a>- j\ 4-JL-sJ- i_jL~~j 

4if J~~-<i . iU-^l oJLft J 4j^j OljJJ Aj( JLjUI ,»..w-j,l />^Lp N Aif Ljb JLStxJl ___j£ 

_££ Jl oiija,./3J ^<Jau k_~__JI IJLA . oJb J_>- ij^l^ i_-Jl_Jj 4sL*»1j iS^-V Cj\jJu j\ oL>^ 

.life-^l oljJdljt oL~*«Jli)_; Sj-ijil (1-10) J^-iJt 

SOFTWARE DEVELOPMENT oba-.ljJI jj-jIm 

»|jl>___ll >U^> 5*_*ljJI «_;>OvaJj t—fLlS" JjI«J lUjJ_A . X^-U-Jlj ^Wl t jJU-L-Jl (J pj-^jil 

jL-j ^ _^Ji; S>rVl of ^ Of g_J-i~. . (2_10) J-CiJl Jl jkJ l_=o .,-jjJ-all 
oLi.La.ljf U-Ul JjUsJ .-u-jVl -j~*JI J~c-^. .0>*JI Jl ^* g--ljJlj J&-JI 

. Oj-_>- J_f O Jl ^-->-& '- .'i . :-__«UjJl Tr-^LyOJj i_.4i.1 5 j 4J^ j_J *JJJj-A)l 

SjS"! i J j^Ij^JI jjir i*j • £--»-iU k-jJ J* 2^^' J*jc_J.I «_Jaj Lv~ . JjVl 

4il*j »j j /•" i_Jj_5v» t(L_»f -c—aU^jS - (2_ 10) JSwJI jj _£*r' Jl ?T- J, "J~' J^ti . 4»jla,'.ll 

t^ji-II iJU iiL Jm»VI g-^^i *ib_r <_£? . Jli-ll J-JI ^ ASCII jj^j J _)j>tj 

. (UjtJI (_Sj^-~» **-L| tw~-S 4il U* ^jfiyC^o . JjjtJl aJo (J jl 

JS^JI J . r UkJl Jl ^.U^JI Jl*». J-I--J ^ >j^i Of \j& o, -jjijU ^ 
. ./?• 1 1 i<___u <LJ~-Ln_c ^--<~-«j jjl^L)^ jA -«..4 ' . U . iji-»Jl i^>- Jl 7_J_dl j_Uj t(2_10) 
J-j' «jfii Jj -• J-^-jfj --t-JUJl jk-JI Jl ,a-^-jI» Ji~ toUJL-j jU«-l «_iil Ak~-ljj •jSCx 
.1(42 jkJl JL~ APjJail aJUI ojUJI £_*•! (ijfiiR3-.4llJLi-.lj _-aJI J R2 JJ 

-JLi__TI jup g.-U^I jwoj flUdl Jl £-«^ J^^k SftLi ^ i| J 1 ** 11 C"^ 1 O-* 1 ^ 

5jU 4. >-Jjp^I j*» t 4*jJ__il J J~l_T ^-*^ J»jC_J.I ^_Jp lil i_Sj>-Vl ik-Jl 

IjS 4 PRINTER i-oLL. J*xtv_; dJUi J^_-J . «j-_ s >_v-))j J-IS" 4jf y J->ulJ 4*J- jf 4^^p 
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Of ,>>iJ .^"^ Uj-k. J^>Vl 2_»L;^JI j^ .(2-10) J£UI J 2 iJaU J Oir» 
4S*-ji" i-^J t5>«j J^ (if SOURCE CODE jJU-all j^ ^£> g-U^Jl of Lc 






1 ijU-i 



\ 



iiUJIiuU. 



— \A 

2ijh*-l 



£ 



I gJU, 




"*~~*"i^l^y 






Jill Ap-ji 



^f'*-} 



Ulilliulli 



MPUj-^ 



6ijU-l 



FHOAtt 

iijll Sl>-Vl 



c-^ 1 ■>* 



11 4jIjU«i1M I ' 



IAJ 



I^JU. 



1 s>4-l 



■v 



£ 



>j"»*^ {J^-Of 



~CED 



4i>*-l 



5 




Jikll 



STCP5 



e »>*■' • jgi ^U^JI 



(2.10) JSLSJ1 
oUjLw i^jA^yk FILE < — aJLLI . Jaj^Lll ^P-jf iJljk-iVl Jp i^iL*? *_2j _^i , «JUil 
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oLfl^l o^Lf-ij 4JLULI j **j~l\j *iy&\ PERIPHERALS oLk^l dlli J Lc 

.SJUUJ.I 

gj£ ^lAtJL.J* Jixii £_*U- ,^->Ujj» (CROSS ASSEMBLER) ^J^ail 
Jjjtxll 4jJ jj^j JJL Of INTEL 8080 <SyA ^ t ^i. .B itflll Jp JL& Ij^j 

.ZILOG Z80 Jp JuiJ iSlo j^j ^ -_/>Jj 8080 J 

£_!U!l Ub-y. (1) ^JWI Oj£j Ot ,^Lc . «_«L^JL) JjuJI JLJusJl _p»J O^fl JJ&x-. 

- * * * 
«_« ^aJ pi L^x . ^>-l USjT !>Ljl» U»-M tS^i— . g-olj^l JLL^ ^JJI (jSLiJi gJLuJJ 

iU*J| jji»_jA IJL* .l$J JLiXw^i jjJl i«jjflill SjS'li J| i _/m4- p-*^j> p-^j OVl <—47 

Lw ^.L^ ,y> S^-dl .*~~" ^^ is^ 1 J- 3 ^ -( 2 - 10 ) J 5 ^ 1 J 4 Sj>ki-ljf 

debugger *Ja_J_j-j JLi^JLj ^/Sodl ^ . ^^Jb- J—ij <L>-y ^ 5 S^liJ-l 

7t..;>i ..fit jj u L »£ll J,.^. " J j t .o../a« «_«Lj_^jJ» Tt-j^^ailj i_iLilS0l . M-j^^allj <_jLSi£jI 
i_iJ^Jl i}\*[ JL*jC-L . «(i5j_.j JSCij JJ>-jf (^j-ijCL- jf t^bi fUijJ) S^IJJI 

. obiX><il jj olj**iJlj o^l>«~Jl LijLya^ jjA^tii 7r_->....j 4Ji rc-z^aW L_AJbL5JU 

.S/IJUI J o!)U-Jl (^» a* ^^^^ ^# ^ jJI EMULATOR jJUlljf ^Uil ol^. 
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<£\ «DDT» ^y— Jtl POP I4L4J- ajjUUJI ujLSIj5CII ,y> Ij>-Ij digital equipment Oj_^ 

,V» ajJL*l /^jl^ ,_y* t-OSyJl l>Ui . i_ilji)l J»U» jJjj 4jf i_iLilSUJ ^iL/Vl J^^-dl 

■jSCx BREAKPOINTS <_i»jxJl JsIa JUxu-L . £-^1 Ujup ..iSji, d~>- JwcJJ JJ 

jJUdj mL*l£]| iilj^ C-^ J-»xiwJ.I p-j»Ujj ?«_»«-^jj >_a.> t SC) (_gJJl cJjJl J 

pyJl ?r .-». ,,ia*j tiLUll »lJil (J| a-*-jj <1>I jUjouJ.! J* v_jt liUj .p&u . Sj-iL« S_^S"IJJI 
J[ 4xk3i« i>j]a>»j i*~» ojJaiLl «JLa) . iJU lj» J^l£Jl i_JUJI Jj ?yr_)\j A-«*>«iII »^L» 

.( (2_ 10) J£JL)I Orf 

v-ij-U-l MAIN FRAME) IBM 370 it* *JG iSL. Jp Jwy £-^>* J^ 

A-Jas..-' *V Of ty-JaJl i>« .8080 ^/U l^iT ^f 18O8O 5Ju»^l j_^j JLioj (,^-^1 

. A3%J| oli oLf I^JI ^"jj ajaJ l^laj Jfc*>- <yj J J*wu (1)1 ^Ixil 

UjUm iJjJUl O^ 01 StS'L»JLI ^...^J . i y**>- CfJ <J J-*^ t/^>* JL ^' 

J A-Jaijf CASSETTE ^5-J.LjJil J->«~dl Je-^i Jpjf il>-f Jo .^v-^l >._Jl 
PROM g-*^ J-^»jj .PROMs J A-JaJ tLja^wir a«ui .Uj2>- PROMS olJb-j 
JIUj Jl ^U^ ySUUl J5LSJ1 jauj ( (2_ 10) J5CJJ1 J 6 S^kLl) j^kJl r Ui; ^ 
PROM o^ Uyf jijS .gbJ^I fl^ J PROM jrtij JU-^i villi J*j j£f .PROM 
.( (14-3) J5LJI J ^i. jl»Ij 0^ ^J^ .J*mM ilr J <>-jj-^ ^j) .S^V-jJl 

SOFTWARE DEVELOPMENT TOOLS oUmIjJI jj^tu Olj j! 

«_j^- jJjii of <-~-£ . p^»Li_Jl StliS - jybd ijjjjj^\ o^L^...dl 0^11 ^>«^ u 
l1jL*Jju ,««*; ^« ^A^f 0*-*i^j p 1 -**^ c5^ <—«*^li« jo**** l*'->«* 1 ; JjJl *s^'_«J' o^l.^.. > , "l l 
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. ^Uill OxJl ^.UaJ Ji i^jiU *_«l>- i^-j^. 
* f * 

aJjOJI cjUI^VI ja v-iUl ^UiJ J**xJil Ja-jJl .^le uiJU f>UkJ i>U.| JjJi ^.o.^ 

i>cJl ^ 360K Of ■>• **JIj £l>- OjJL* 1 . 2 JJ J*aJ j>- 4*** iUUl iJljlau-Vl 

40 Jl 1 0y L* ^jlji ol*~. U> of M[ tiAlS" Jtff iJUJl oUljk-Vl Of £-«j . vrij^Jl 

Ll»i L^L^>-»j *_« <L)lj ojwaj <JUo olJljla.il cLUJJa <^Sy . oLiUJI /y» 4jl^- (J)JL« 

. aJjlJJIj iJLoJl iiljk-Vl ol^r-jx oLfljJl 
A MEMORY MAP SjSl J iLija. 

. t-jifl l.$a vt» *' . i~~j^l ^SUlil ,jfiyuj SjS'lJJI ilajj*- (3_10) 
ijj^aj Jl^O^fl ijla^ jLi>-Ij fyij Vlr" £-"^ <— JLpVI Jp \,j\s ROM S^IS ^yi • 

.ojlkJl; 
. 4*I>ULI J.« jc > m j (f^- i«i»Lsl1 oljjJ J&-\j£ • 
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waJlj u-.j-JJI Ji. U*U %JS\iij UTILITY ROUTINES ^i oljji y*X • 

.iojIadL ilj-^lt rLr^L? JIs^jVI 5>f>-tj J-^j (>ll oljjjJl ^ Jilxil cj[#>-y • 

.1,- *£>d\j ajt^-VL (j-^-s^l 4-i ,_£_,£ i^JUl i_*jjjXll Jakkll .>Jbi • 

. RAM J Jju«iJ.I ^-"Ij'jj £-*> U Ul* jf ROM J oVl p-J>jy r^-a 5 *"-" 

oil* ^ .(^f £-*ljy WORKSPACE JJuiJ Oj^ JlC t Uj*P t RAM ^yi • 
.UJ^Vl J**iJlI »-*ljj <-iJUJLS" t ^*jcu^. 015" lij iJJtixll >>UaJ ^yi 



ROM 
RAM 







4K 




V^ 


UjCL-11 p--*^ji 




JjljJLl 


Oljji 


JSLAl 


•UkiVI 


JiiJ.1 








Jj"j* 


JJLij j^- t_*i1j« 


J,ii; Oj^ ijii< 


j>» g-yi 





(3-10) JSLill 



(J|jl«v«_) 



THE FOUR BASIC CHOICES fcu,yi buAuiVI DljUaJI 

. ^>-a)I £JUI jL^I _ 1 
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. oLf \jA\j <;~Sj3\ ijJl ay »— Udl jUJf _ 2 
. if ^Jl iiJ ^U>-i _ 3 

. Zjjjj*a5\ ^jjJaxJl CjIjjI jUl>-l 4 

CHOOSING THE MICROPROCESSER ^jiuxll gJUJU jLuil 
jyJLc ,jw.LJ (JjjLjw Jj>>-j jSUj . cSj*-^> ^JIjw jW^' 5JL*p L-j ^->l^3l J-^iJl J 
eliVl t5j^-»j l^bJl v--^ (^Jl olJ^Jl i*^ U»_j t5y«-^ ^-^ j^-\ &* Wi j^' 

.jj^kJi p**j uk>jL\ ou^ai jVja ^Vi jU*^i .Ai^uiji jjjaxU l_^uii 

HARDWARE /SOFTWARE PARTITIONING oL^I^JIj iujSjUl <uiJI Qu ^LiUI 

iiKJl ,4* of ^A\ J* i_^ oLf I^Jlj S-jSyJi iJI ju ^Udl jio LJ 
of -jSCc ,^1 iiJbiJJ oLJdl v^bSCJl Ijla J Lwiy> . (Ju»Jl cu^ v* J5J pIjVI U>«j 
J J**x«J of l j£? jJl oLf 1^1 oLS viJJJ5j 1 iSy^° £-JL« i.j]iw* ^-j*^) J*»OwJ 
LJI o>; (»— 'UJl iJU* oLliJl oJLa J^—J of <_*£ .l^U^j l^L^?- Ll jdl oliJaiJl 

oljjf jL^-lj itfjJl iiJ _,L^-I Ld* ui**- oij^ JiJJ jUa^L j^l ^iib^, 

.^1 >^ 0^1 Lm .Sj^UI j^idl 

PROGRAMMING LANGUAGES i^jJI olAJ 

: U» i£j ^A\ j\ if jjl iJj jL^V jLiVl oljU-l 

.,^jXj,l iJU AiDl _ 2 

ASSEMBLY LANGUAGE JjjlH **} 

_^5Vlj o*Li? ^Vl itJ_jk)l JjjtJl ^JU** AjVJj if^Jl ^~«J A*jC*JiI «_*Ujj JUij ip-j 
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^_«j) . LaJLxj JJ J^jtx^JJ oLIjj L&JU j^ja ij-^y b*- tif ^-°LA-I c^rj^ L_i£& 

(£jl*»A <xl> if^Jl £*•*> . (A»ikll tlks^SlI i_jL£i\j jf Aw»U-l «-=r_ril IJbf «_Ja."».o V tviUi 

ss 

i£jjl 7t. ; ./j* t*jfjJ( ii_jjw» i_jL«?- ,Jp VUi CjLjfl^l jU«jl jJLj Ij^s- iAv»^U-L 

. aJU *>-jAj *> .jpjll isXidl ^yi JjjEJI i£f~~j> AiL 

HIGH-LEVEL LANGUAGES jjiJLI aJWI oUJJl 
C oUJJl liilj c^v-sa; .^jiJlI aJUI cjUJUI ^yajo *_v»ldl JuwoAJI J Liv»j 
olJi^j JLO>d iji oUJ* 1 JUjcu-L ^^vJU £— i jJI BASIC j PASCAL j 

•jaJ a»U>JI !Jii Ijji . (L*j*pj iijUcJlj iwiLi^l) ijUJ-l i^j|Jb>-ljJlJ iJLaJ-l oli^ljil 
^^xsJ .j/'jJI jj-" 'ojr* 3 * «j-*i L$jW5L JL*L«J-1 olJA>-_jil (p-oLi^JU) j_^«j ji_sij j^SCJil 
JjjB Ail ifjjl ■y tJiVl J* *fj-f <^'y «y^ tb^c- h^j^JlI aJU AiL a>^J| 

. aI^UI «_al^JLJ L^>U-j 

j^l ^ (jJUl (J^UI ^jiljt) <_£*al1 J*?i l^f (ijxJil aJUJI iilJl <V 
^Ldl JjJI oUAnJ j^ jJp «_» i^jiJil aJU aAL a*JUj a-<^ ,_^ . *y& jf- ,_yu*»«Jl 

sJdi\ cJj jj ijS\Si\ j QJ, ^ii)i •jp -j^j .JjjtJl ajJ ^j^-c ujjisi £~V u^ 
t(J ^l_^p^l II* .JyB tSj^A ^-flUjjj ^yi ^AJI dJUi ja i-> J) Oyy J»f j* tfJJl 

, ^->w»;j L_iiS"j ajuj^, *,[& j&}\ Jp ^^^ jf JU)| L $y J J,\ ajJ JUjcU-I 
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S»li^ i^Vl Jp clj*^ Vj i»~»^j iu^, Xj^ ^(j^ J^Jai 0^ ^jJi 
JU^I^A <yikLl J^l JJ-I j£, jf |il J^JL| ^ >4 yj (^ fc^ ^^^^ 

<JU UL *l££ll .ii JJ-I jj^j £-J,j J^>Jll ^ . ikiJ| ju j jj; (^ 
INTERACTIVE aJjU i^^^S" cJ^x^.1 lij i^L*-, tSeUS' olij iu^» ^jiJ.1 
•/• J 5 " J s ^b toUi«J Ski jfio'jUi is^J ^ .BASIC Ji. INTERPRETER 
J>-l jJl j.jfjil ffj, .U tki Jj,- lijjf 4 V f f Uj^^, ^^Ji u lij l, [^ Ji^lj 

■t^- au - e^M a- **- cff J*-* u 5 ^ *v- Ly yfwi -jl-ji r ui; jj iu~" js- 

.IaVI ii\S\i[ . Wlj ivilJi 5> . JUII cj^I ^1^ JyEJl ^J c iU JJL^. r * Vjf 
iiL JU iSj^s goUl ^jj i^jj |^J J5J j^jJl ^j saipj ,iLJi -^ J <JCU J| 

^^AU ^SUJ cl>*U- jrUVl Lixi OjSi 1^-j ciUS a~ . ,bVlj oU,fcll ^^a j*£ 

^JLJI -jjt J JwJ Sj^Li Sjj^aj lj^.j ( «_^aj of ^jiJU LJLp id, p-^U^I ^_j5 ^JJI 

lj$\li\ JiJ, SiJjdl ojVl J«bu 2-*C^I S^LiS" < >-?Cj" viUi JUo . ik~o J->^-j" i^« jA 
Sjjll .MS Jifj ,>-*■(, g^f oUnju dUi -jP ^sj .lIUJLI ILL ^UjJl L^JUxuo ^31 
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JL*j .LjUdl J,jiJ J-UJLjj \j5La JiM Ji oU«xdl oJL* JL>ol iJlS^IjA JaJaiJ.1 IJU. SJliJl 

JjjUl isy*** **! fit (jiji-ll iJU- aJJ JU*i—i <^-ji OlS" lij U »_iiS3 ii^t j^s-f 

^j* iLuc^ll SjSlJLJl i~*S jj^y ijfS cjLa^j i»jliil *-bJj t^^t 01? IS} i^Lt V* - ^ dr* 

, SJb-j J5CI oLfljJJ iiK liJLLi -j* «_SJ . L&*a>A\ olJb»-jJl JJlP J*' lfro.^.J& jj-Jj 

■ JutJI 
SYSTEM DEVELOPMENT TOOLS »l£uJI yj& oIjj) 

ii»jJl 4S"jUtII (>UaJ r^j A-y^Jl *-juj*i\ oljibU 4_ve>UL| U_^| (t _JiJ_ 9 ^fij*^- 

.j>jJoj flay j^oJ^-i i— ij~»L>-j Jji* t-J^uiU-j 

THE TIME-SHARING SYSTEM i>jll tfjLtil ^ UU 
.4^1 tfjLill li J J-ucu-j i«U ,j^l>V v^j^l?-^ (TSS) A>jJI A^jLill AiX 

^ ^oi ^J| i,JUU .(JajLl J* Ijy *_--^Xw^ flkJl Of tjf) AJiUJl Jai J cJ>Jl 

. (JUX Jio If JiVl J*) jllidl ^j Jofji V 4|f 

*plaj lJ?- e JLi** tliUa«>uC 4*l»jJl iSjLill ijaif 3iU Jj_)j dUS (j| iiL^Vlj 
CjUjUs Li iJliJSj (£y*-\ <£-\y, fP^JJ ol»»iLy t i_j* oLiLa iaJkil L«v»P L^Ji . oLf \ji 

iJU-l p-*\j-> *jjL-^JI i-^*jJl A^jL-iil iJijf v_JLpf jyjl *jl2j .i^jJI tfjl—iil 
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«JU. ^V }yj -U^J kjjj«°ti (oU^a. jf oU.br ol^-p) CROSS-PROGRAMS 
5t_»Ijj J-Jy >iJUJ JOy •j^f . p-*'j-i jW^^ oLJUt ijUiSj Jj^ilLt -\j^-_y cSj^ 3 

(pUj J^Lf ^ *taVl ,j^»«J r-r^i l*^^^ £~*'-w" "^ ^^~ • iSj*^ 1 ^ ^-JLfJLI j* Vju 

jtP "y» iL^i x~«lJjJI MjSh'i « jt j*>«,/i7j i_aJLXJ jyxfjA (_£-UI C-JJI (J . A«?w«w» jiS- jA 
OljIJ jlJbu jjSCJil J^ 4JLiJ-l j j^) ."CPj— ^Uij H^*"^"j JU^oVl *bf ,jrfa>«i -jSC*il 

»lkJI *J£La oLfUi t-owaJl -y. 4^] cMPU SO>-j JsMj JLiiiwo ^Jl oLJLdLI 51SUJ.I 

•0^* l?" d^V 1 -* JUj V l ^'^ ^ Vl >J 

• *~!*i TJ-^ji (J* "^"t> <j' t3 OjJL»AJ jJJJAjCU ^^liuJil Jj^-J 4J l-^P Al jS- {j» 

. U «_»L»jJ A-ir" jiyd •Aj** <L»*b^ i'U^J ^r-*jjl iSjLtil AUii _^*j t isotw-lj 

Jii if>-j />• 5x_*LijJJ (Ul^ll ti-jSx^^JIj i— AJ t ^Jli i>i*}Jl <(5jLtll >UaJ «_«— j V (.VU^I 

. JSIjUI ^^uu J| uVl _Pa^u- . 5iU 

THE IN-HOUSE COMPUTER ^yi\ ^^-U-l 

k_jj*»iLA-lj «_j>ljjl jui^ i_jj_uiL>- Lj>-ijXjAj tJjJ.1 t-jj-^U-l (ju Li* j>«. ' .« " 

<L*jj i jJ>j L^aJLSj ,_jJl i»JLjl~l iUj^p tj~>j •*r-*jJ' iSjLill j»Uij Ji« la . . /jl L ^j^Vl 
t^f t BATCH MODE oU^jf Li J i_j^-U-t J^ou-I lj[ . Jjil ^j^U-l ^QiJ ^J> 
Cov^-^l *J 41/5^ ^j^f -W<Jjf (^*JJ ^Hs^J* ^IjLUj *1»-iI^j pc_»UjJI >Ji lil 
wj^kd Lw»U>f liyw Ujap jj^-tJl 1JLa Ji« j^^-i ^Lf jf oIpU Jbu lia-V gtJliJl 

Ji* ^I^V fLV j»- jf ol*U ju^tll ^ Of J^4 *i *l\ $ . BIT LEVEL o-jU^I 
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cJlS 1 \i\j\ i^upl SSJLUI oljJi k-j^-U-l {.Ltj «.Ji lil iJl^j 5 J>s <ii .jjjdl IJLa 

THE PERSONAL COMPUTER ^^a^JJl i_^U-l 
xJUil (j^aJ JajCuu j^ai.JtJI c«Jj*>iU-I *U U . AjuLUj oLiljia^ilj iiLij ft-Jli* *>-JLi 

Jl «U^1 . { J^s- iSj**° gl\* J > J* -M^ 1 £ . J az ~ J g-*\yj a-«W- *^>v4 s_JLfrVl Jpj 
uj^.U-1 J>-li ^1 ^Ul ^ ji J Oy-^JI jjj j Q>" JM o 5 ^ 1 <>• *"l» ^ 

t -*-*^j (c^/* - ' ^j^W-^j' HA"" g-*Lrf ^J- 1 !) i£j-**" ^**W- \*:_r* kl*JI J fJij 

•_,£c 4JU-I oi* Ji» j . u a s >ui^\ i_i**» \j^\j ( ^ S «J- -kij ij>-j jiJLpj iSj-*** £->~iOAj 

tills £-y . if jJl ,jw>«x) iJjVl Jp-Ij-JU i^L. Slat? ^oA^JI t-^U-l J**s-£ df UjJ 

. J*l5" jui f lki j^^dlj *_i^llj £-*»a! Sj^Vl >-!>! jl?-l t_-£ 

i.jku ^ JLjS'jxJi ijJIj oLc IjJU ^-.Ly J4I5 .jtf^uL ^ r *^: ^J| jji^JI iliVl 

.0^1 diJS^i- .ut-jhdl 

THE DEVELOPMENT SYSTEM ^«*tfj| i.^ai« 
J.IS" otr^ ^jAi' JjL-^Lj S_^ (5^*-^ vj^-U- ^Uu ,y> ^wdl i.^^ 
^.j-U- |.lk; jf ^aJi- ^yu^ v>-^ d *r^ i^J j*^l i^L; ^ . U i.^ki v_^,Ly 

.(4_10) JSCiJl jJiJl ^y^ 

. £LA\ dlJiJ ^>^JI gJULl J«c-J ^ ( ,_^ a . Jj ^ ( ju-^ i.^ ^y ^ 
^>^ ^J^ J*0«J (jJl Sj-S? jJ>laJ oU^kL. dVl jiji" . iJ oUku C....J eJLft L«j*P 

• *i>^Jl OU-UII ^j*^** y, £J>.\ i*y>>l jy.Ji\ l y 3> ^j ^j Jb-lj 
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(4-10) JiLiJI 
Intel J jijia^i i*jH&> 



Sl5'L>J,l Ji« iJUiij ol-b-j IJjIj ULwsj (jJ! cij'jLg—xJl r<-& (ju~>*Jl 'L«_jJiu * JLAJ 
*l_p-l Jp jili oliU »Uai aJJL" ,y.j .PROM if^jj oLfi^l «.bf vl^J yb^ 
•j^ . (DOSjf &l_ > k-.f J-*-^" f^ J*>cuJ jjJl iljkwVl *&*) oLk^il <y icj^jf 
^f :(5_10) J£JLll _^l hjllail g_»ljJl z*-**^ -^Jj if v£ °^Lr" ^ ^frTJ 
l^yd.1 Ji. t5_/-Vl £**IjJI 2_*l_^!l ^JJiS"j ^wai! ^LiKJlj £-»U-l ,r>->J.lj £-3^1 
ijjsr ISJ villi J] i»L»j . iSj*ji\ ^--^waxllj i-iiiCU *l^L! ijjij (_^j*Jl r^J J^I-JJl 
iJ- 4 ) (J*"' J t^J^J' (C #]**) j*^*" ui^sA* _/vijJ V 1 ^*^ i£)5*«J.I iJLc- iitjj iaJauicJI 

J* OU-Vl ,_yi«j J aJW Vj SjS'lJUl -^ IjgS ^*S" oUj-^ali oJLa k_JLko . (BASIC 



oLk>>J,! ^-jApL ljUjj r-ljJfj 640K Jl 64K ixw RAM o^SUb ijj*-^> v_jj— U- 
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9600 Jl 110 ^ JjJL«JJ <Lls ip^ tjtdl <-iJyi\ ^I^JV .*JL*[ 6j^> l^'lj 
.PROM p-tj^tj hu\Ll\j Oi*--iJl rj->>y <LSL£Jl J^jJ JL-jJ 50^-j 1 9200 jf 

.(INTERACTION JeUd! J-xUl flJl^N) i-iLi ii> 

.(^JI^JLII £_JaJ) i^jlU 

.(oUUl jjiL) aJU> &l_jk-fj J&fjf «j>.|j &jd Sljk«.f 

.(JjlJJ Jif) Jjj Ja^ ^jli 

(PROMS olJb-j ju>x± JXtdJ) PROM p_»^ 

. IN-CIRCUIT-EMULATOR yij Jl SlSUil SJi^-j 

: yisJl i^ljJl JSUjJI j*y ^ six 

.(PASCAL j BASIC j C (."k.) igU-b ol*-^.., o%* 

. (olipUill _/S"i jji ^ irfLjJl oij ,y 

IBM ,y> ojkll oUts .INTEL uw^ Ia^a (4-10) J£ij| 0* t ^JJJU JiuT 
2_*-j <^JJI *bf v-ilyy (JUI p-»a!l ^ iij-^il) jJljjJL 515UJLI sj>-j *^ i»J> PC 



471 



J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



te-ji JJU-J I OUU fUiJ I £-i^ ■ 



[jt^-jl* a-^U-I £**~a*j t-A^l£l I u^^ 




gu^ <*jjiu 



V-f>Jl i,Jl < 




(5-10) JSLiJl 

808 6 4jywaJl ol^-Ull **-d JiC^ of ^r (4-10) J5UI J iuil iajJill 
y he*** i^Li^. Oh-^ Vjk^ Ov (6-10) JSLiJl J . 8 0386j 8020 6j 8018 6j 
MOTOROLA SJb-j peJl APPLIED MICROSYSTEMS CORPORATION JJ 

. 68020 




(6-10) JiLtJl 
iyuaJI oU^JJ Motorola oUJ*J 6S020 o>~^ ^jJiu 
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oJL* ,ju i-*-L.Vl olijyiJl . 7t_s^v<»il «_iJilSCII_5 *_«U-I frj^j fs-^l '-^ ci ^f 

J jb-lyS Of i^x Vjf -jS^c ,jJl 4++a i^fljj Jj'L-j ^j i^ill hjk^\ g^tljJl ^_* 
•_^]j ojkL<JL) iJKJl iiiSCJl ^L-f Jp /i-jiJl *z> V Of i-^ <iJUJJ . *±jv> oy~^ <*j&^> 

. oLf \jJi UpLo* ^L-f <Jp 

THE IN-CIRCUIT EMULATOR J\jjl\* SlSUil 
jjIjJIj SUUll ,y> viUj.cLjfljJIjf i^Ji oljiVl *J»f j* 5JLs-l_, oVl i fl-a:,..- 

gJULl JU; (jULSj iiySJ-i Jjf) ^14 ^1 ju'Ij g-*bj> ^ jJMb stfUJi 

Sl£U«ll SJb-jJ Sjjv» (7-10) ASUtJl ojti viUiJ Ji*^ • C 5* r i>- jyjj l^ij^i (^jJt^Jl 

. (ICE ,/Jb-) APPLIED MICROSYSTEMS CORPORATION ^> ja JAjjM, 

* * * 

Ailf IJUlj LiU<?| U~_^ »_JLkjj i«jJill oy~J- *JLp JsM-i JUidlj jjIj-^Ij SlS'U-il SJb-j Aji" 

JJ-L» ICE iJ^-j t_iU ^. gjU-l [iUUJl *feL.Vl if-j^t] JjISCII j^pju .^jU- 
OU-V Uilk> J-^yi l >- 1 14 _j LA£!I IJL* ^ .UMBILICAL CORD .i^^-Jl 

. MOTOROLA 68020 SJ>-jJl £> 

JjLOl L>ofj 68020 iJUAli SJb-jJl c^^-f tjj>JaJl jj-> J J**xJJ itj&L* J 
LJLt- JawaJlj yljjJlj SlSWI SJ^-j t-jj^atf .(^j-JI LJ-I iil^ J Jr^J-' dr" 1 1 4 ji 
.01^-Vl j^ J* oljU^I ijJu jSy ^ .68020 SO^-jJl iJ^-aS 

68020 SJl^Jl jJU; ^^ "CV ?jJIjJJLi SlSUJ.1 JUxu-l ^ SjtfUJl ^ U 

(^^Vl flflil g-«ljJJ (^y 7«_?^siajy i_iilS" J »J^>-jil OjI^JLI «IS' JLuCwul jjSUIl ^yii 

.oLfl^JL a-S*2J-I 68 020 SJb~pi •jp ^^aj^cJL viLiij j^j^JI jjj j i«^JiJ.L *5i»«xlJ 

l»j t iLslS" ojj-^uj A*Aj2J-I i«jJiJ.I jJp pt^oUjJl JLio (j^€ C?' 4<-J*jJ J*LSJ (Juaj ,j^X 
jj^-jf o^lJJl JLiuJ Lyij Cj!>Ut«Ji jj^a^J tilliS tj^il J^y . »^J^ t-iiy Jslii <J AiliJ 
SfJb ^Jlill £>-jJ J* aj>>jJI ^-jJ^il VLr^H sb^ ^lJ*^-l o^S -tSj^f J 5 '^ *JjL>^ 
iUadl iJL«iJI oL»>J,l j^J {ja jia^Jlj ^ jLi>-l jj^*il ,y . sjujl^- PROM JU^jJ -^ 
J i«jJiJ,l -jj RAM J ^dU^Jl -^ *j?- il)J>- (j&r t tiJUi JJ iiUi>l .isijto- oli..,k , j 
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jv»JLIj PROM A*Svio ij>£ "U-lvu ljj*a> 5x_a|jJI aL*J| 5>*_s>*vajJ i^A^S3 Ifw*- 




(7.10) J5LlJl 
■yij_j Lf?-I j^-Jj LAl^il S V^s»-T A-o <ij^ay> <U4»i>" -UjJij. yc- ^ . /a'J lj i^fl^SJlj j^jtAll 
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/woj »Uaj (Jp ,i~" JUi p - fp^/iij t_jLi5J LjiC- ,_jjvLv«j J a Ja^-j ^^i . ib>\S *^~\ji jl 

JLJL>- 

Ji< (ICE) /.JUL" . «_;dl SJ^l cs* jJ'j^ 5L?Uil SJb-jJ 4*$ll o^y-JI ^JU»-i 

Uf J-*— J ^ .TRACE d«_-i")i ^Jtf J-j^—j - v^*I t*t;Liil oU^kJLI vJLpf 

•^ lilj* ^iJb-^ JLi -oUr ^j . >_<u^; t)f JJ 44 Jl i&LJI iSUl oljjp *h}f viilJb-Vl 

iu-UJ i>^J tkU 0>£> U UU» jjs^f SjU*jj . il£ill j-J. JJ SjU oli jl* cJ^Jl 

* * 

, SjJOcll oUJLcJI Ou cy ^~' t^* 1 U^S c?*" '-rt**^*J SJ dJ^- *iSl« SJ .p 44 J?«~j dJUi 
uiJjd i*-l>- i]l> cJlS" I j] (^jU 1 - ojUSj al^. yjj- tJUll J -jCJl ^ dUS J[ UUij 
uiLiiS'LijI iwJali* aL~«Ijj SjJLrf- i*JLo J-iSj SjUiVi il^-i*a j*i^ /"£<: . i^Jl ,j XZl*j> 

•y iUi 4^*5" Jaii k_JLLij ^ dJUi «_4j (, iUJL^ «.„>,'../irJI ^oli O^Si Of jb»ll ^ 

.iLJU OUjL tjJUtv^a *pLi it* Uauf y^J ^yhj .iiLs<i*yi is-SI/Jl <uiJl 

OTHER DEVELOPMENT TOOLS ^jt-H\ jwdl oljif 

JjUj ^ jOp jyu diijS .l^I^JI IJLa ^j» £jl^ W^ * TROUBLESHOOTING 

HEWLETT-PACKARD ^ *JU jijfl . ^^Jl JUll j* aJ/ ^JJI (5>sJI ^JULt 
«-*^J -^r J»\yi "^.jjj^ ^ .^j-pjGOULDj FLUKE j TEKTRONIX j 
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p-Ajjt y> ^y^ .PROM £-«j~° ,j> tJUj Ifcivd 1 jdl "*~~^J\ ISLil StaVl 
jfe dUJU JUS" .g-.li.jJl L^U jjj ^Jl PROMS jf EPROMS ifjjj* PROM 
ol-b-j J £-*IjJI i~*J oli ?^' "J* J**s-J .(8_10) J£jLll J PROM g-vr* 
oULJI JUo.1 £-*~J (_xJl iij-ijcu- £-JLi. ap-jL Sjjj- ^ . EPROMS j PROMS 
g-olijJl fji ti~»u Jkl gyi £-» Jj-^jj jf ^jjjj Jaj^-i *(^jli l$li dUi JJ isLs^l . L_j-U 

il)f ibdl (>« . iiljk->Vl J iL)_#jf c/A>^ JaJj-iJI J 4**** ^ -W 3U4-I *i»-'l^i Sj-ily 

tjj^U- <uJiu (J| I^Lv»jj (jS\X <Ji-*>«j RS-232 o!>Lv9jj «-b-j JJU iiLv^i i_aj! ij ^io 
oJJxdl e/SIJUl «J4>-^ i-^-^l ^iUJlj jVl «_-. LJI JiU ^^f Ujj ^Ji; •_ r SLc 




(8_10) J£JI 
PROM gAjfA 

SINGLE-BOARD MICROCOMPUTERS a> ^ J* sLfcll l|>*dl ^-~*l>-l 

oljiV IJS JJlJb ~^jh ^ ?J>» rp J* £t-tJLl i-yLsAll ^.-w-iy-lj) xX*Jl ^ liU 
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«_» i_ilfc Jp Jj-^xU iJLOsr Oljif W»il r-ljJVl jf »JU)I ^jj tt yl>-Vl Jp .JjIJJI 
^•jIC ^9- o^sS j\P l _ s Qi (4»>0,jaJ| *jP-Ul -Jrf . &51U 4jJ (5j^»» ,Jp AJxj^Jl ifjJl 
•j£r .Jl pt-cljjl Jjt ^-U»«i> liJDJLi l (_SjAa1w> /»Ui>; e^JSLo 4£jJl J?to jl tl«>«J a- air- 
lift JiL iJV^I 5/1 JUL! NUjcu-I JSV! SJb-jJl . oLJUill -_^ oli. «_^j JJ Ljji \^J- 

oljiVl Lu^j J-^ill II* J . iaAJl Jj^aAJl j oLfl^lj oL^JJ i-*L>Vl oUidl 

<_j >tf jjJ* iblp ^j* (jwsOl (J ijv^JjJl «UL£jtll . i*jJiL» 4jI ,jw»»d oLufcJlj oJ JoJll 

<jf bfj ja) . l$U- ~ojj&.\ oljjVl LIvojj 5KjJ,I oJu JJ bi^k; . oLfl^l ^s-^ojj 
dJJd JJIjJI . ojkil ji>; ^ oLf IjJIj oL^jJI ^ JS 0^ J S*.LiS" JtfVl SbVl 

ifjJl ,>*£ !>ULar «Pj~j Jom HAS ,ju^ i.^kd ^yUl jail jLiiw-Vl lift .jlljJJlj 
. J.ISJI (.IkJl IJL* Jil v-L. 5JI> u^s-^ v£ ^^ -^>j^*U £jJ ^U\j 

rt-^twaJI jy Ja>^J| *L>-yi J iUjcuil 5_wiL.Vl jH-jjVI oLiJl ■ j.,/ » : 1 _ 1 

.BENCHMARK PROGRAMS oufjll ^I^Jl U>y UJij ^^, ; 2 _ 1 
i_w>- |t ^ .. / tfl] oL^I^Jlj igjSJdl AjJl -ju ^liJl JJlJU -^ Ji. i»p| ; 3 _ 1 

(ASSEMBLER ^L>. ^jj, EDITOR ^jl* : ytJl oUJLUvil ui^p : 4 _ 1 
i!L»i g-.U^H t FILE <_iU ^OBJECT PROGRAM ^ ^U^ 
jaj (SIMULATOR J\± (LOADER U. (CROSS PROGRAM 
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iJSy ikZj DEBUGGER q^oaj ^LilS" ABSOLUTE CODE jik. 

. BREAKPOINT 

y rt^AjjM yJS (jw»«ij ijjJUaLI iijUtl wJJ (jjj«j>«xJI oljal j& U 
. L_»«L« (_5^>w 7«-IL«-« jl-j^ 1 !/ <Lu»Lu si i_djlis ji\ r_fi>\ 



JjjtJI _^yu~» **L j_j^yl a— Aj .AST ^^ ,_£* J-* 4 7?-*^*^' ^r^} 3^*~i lc*' 

?ASSEMBLY-LEVEL LANGUAGE 



^INTERACTIVE SYSTEM ^Udl |>lkJl Jj-^l. 

?TIME SHARING SYSTEM i^jJI ffjlill flky U 

^a l_4 y'iUU «u«Jiu _jw>*sJ _^i»w i_jv»«iL»- umjCUoI /j^«i! ■>• A* 



5_10 
6_10 
7-10 

8 _ 10 

9 _ 10 



igj. *m»U iJUJl »_)_j_-.U-l ijj oLiyol^ Oj_j»i of liLjLSU^-i J-* : 10 10 

filjLL ^bil HIGH-LEVEL LANGUAGE 



11-10 
12_10 
13-10 



PERSONAL ^yoiJtJI i^j—LJ-lj 0i— ** JI f U*- 5 uH 0Lh*JI j-* L. : 14-10 

?i.U ^l>V COMPUTER 



?IN-CIRCUIT EMULATOR y'ljJJL ^UJLI J-*, ^LS : 
. U «_»Lj_^j Tt-^s^jj 1— a - t . *) j IgiiJijj TRACE , « .. "1 1 iJl5U| tv*' • 



15-10 
16-10 
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RISC W £0*1* :*U*£**ir tUl 
**ijH Q|jb.r QUH*j »-**U J.f**lf 




. ioUJI CjIjI^ ^tjJl J^U- 
(RISC) i^iiiz CjioA*j 4#j*>j: i^^IjjM je- JajJI J li^j Jviill l-i* o^S°- 

ijjl p\J>£~»\j obL^ljll jj^as^ii-i ljj>-l . 2jA« 5>-_jJ <Jp iw~oilij-=U ,j «JUji1^I_) A^iUl 

, i^Ut ,> l>V i^/LwP oULU- ^ tf it- villaSj Ljyi oljLVyi oUL-Ul i-aSjdl 

CHARACTERISTICS OF A RISE ARCHITECTURE 

Jtfly iJb» 0j5i jf v^°k "-^■j—LJ-l y«*A" <j* «-j-«jt Ouki*l 1 1975 ii-Jl J 

•jj) 4jywi]| Oli-Uil OjjLj -UJ . |JLi>u _£ff 1^5 "_,» Jx~jI ij^xvaJl obLUil Jjuf •_>* 
Ic-yJt- c^~A dUJ^ . IJLW jtff l^j'L «_^t dUiSj iUj 32 Jl 1 6 Jl 8 JJ 4 i*- 

«_j^.U- *f <j^» i^lj?- *f aj^^'w «^jLJLUji cJlff ; iJLliJl cjLSUI «Jl» Jt» 
CISC oLi'Li LjIj^i *JJLi .(CISC) SJiiU* oUJLhj if-j^r >—*~*\j>- i/S <-i$-*£j 
J jjJ^UJl ^ fcfc wall <*ja^ -j^J .iii^JLl iyuJl Js»Lcf -^ ol^LxJ oLJL* 1 'WrJ^I 
J oLLJ-l j» % 8 of duLt^TI . iljjj^J J IBM SSyJ 0_^-j"Ij ^-UjJ ii>Ujf jS"^. 
<pj^u* of uiLtr'j'^1 IJia ^x« .CISC oUJl».tJI «JL* y % 20 i_Jko ^/r'^ p-*^ji 
<ui Ja*»-j (_$JJI cJJI tj J-**Jl »Wi oUJLcJL p-j~>5 (j;\ toL^Jl 0j5o ol ,j^£ ol*JL«j 
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j£s V dlli djO. ^f . RISC *U AijUJI i.5U)l ^ LiL-J^II oL-LcJl i*-^ 



l^V &L-. dUij ^tfU Jp RISC ^1 Ijilt, of uj*^dl ^ ^5 fJ Jl ^ dUi 
. ,5>-Ml oLSlil -j- ^1 RISC oLUa. ,y> ohSUl si* t _ r ,ixj Of ^ji^ . i«Jiu jJLj" 

: RISC S -Uv»j o^*^ p-JL*JJ <»-£* ^jIj" ^jj 
oLJjcJI JaJij JajcuJ . oJinil oLJLcJl (j^uiii t5j!>- . ^jL~jVI oUJL*x!l i* ■$*£■ _ 1 
. •>* *ap JiL ilU£)l oLJLdl i*^ Jl3 L\j ik~Jl 

dJUJiS-j UL l^f JUuJl J*-f j, 5JUU.il i^lil oLJLd ^^Ua^Nl ^JLI ^^f 

. *-£L. 
J*xJ L^lSOi J £-«I^Jl (^--^>j fLr - ^ olij-^Ll ui—^ 1 J-**">«j <-^i (J* l*Lj 

of L^lc ii^>H oU-UJLI a^jJI i>Jl **soj : PIPELINED iSj^JL JiJl JuiJ _ 4 
THROUGHPUT U-U* gjli Ja« ^Ul jH\ ijb-lj dl" J .Lit U« -^C 

• >f 
oJLpJbL-l J5l*_^l J-wCUJ (5JJI cJjJI j : ojjhlA i**j£. jJIji *- a ^vaj oLiij _ 5 

^^ ,_J>UI jj» ^f oj>i OjJLaI^ RISC d <A.<t« of jJ-j i iAwui oUL-Lm kij o>-f 

STREAMLINED iuLJl oLJu; iPj^ ^ I Ji^-N a>o RISC j ,.,. 1jrt . J**j 
jtS'Vl .JLo-Vl S-pUl oLJbdl jJb^j cjLJxJI <*-j^ ,^1^ .INSTRUCTION 
SjjJb J-olSO'L JLiiJ of •j£c ,jJI oLJjdl liJLlj J* Jaas ilaiU^JJ Oj^i-»-^J.I A*Ur of i^f 
aj^iAj i«^uJl jl i_y/iJ! Jt« !Jii«il oUJUJl Uj-»^ Jip^-u CISC rt-jxLaj (J . ipLJJ ids^\j 
< r jjjti\ oLJLo CISC oUJUj ipj^f fj^ cfJUi JJ ^LoVL . U.LS'V oljjj ^L>- Jt 

oJlA ^-«iAj <~i*S" ^Jjj jl (U-— Jl fj* • iihsi Aj^jP- JsLcl J.». « . ' ..»j ^qJI iiJiipl ,f~iJ >*Aj (Jl 
(jj-«. ^ ll jjJL-xil i_JJa_i . Ol *JLicJI 4J-I (w p-jL * %\a .~\ < ^<».» t Cj^L^jj 

. *jUJU; JUJ Jjj^i - oljji 8 »IjVI JLxJI ^Sj^JI CISC-MOTOROLA 68020 
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•Ss ,^JI *-*:\j Ojlij i—sx-ij <l)_j>-lj C* J^» j*\j* RISC oUJaJ *s-j*£- J**i«J 

i^jXll i<xJl A-i^\j* Ja— «J tJJUx^J ik*j CjI»JUJ »1JL><£^iIi . IJoAj ipL» SjjAj Jjio 01 

J&; ^Jl ixJbdl CISC £>p J»liL J-Ldl ,5jj^i ^ cr* 1 ^ ^ RISC iW 
iiu««j y\ji ft-** Cj* "^^h _/^*^ V"i* **^ Jt " oLaJUj k_. lh" l^*- . 3*_1L*II j- j »'< <*" 

.j_£* >«— *>o i_J^aJI 4JU* jl>«j| 0^ ^~* . iJl*** 

^^j U Jp iJjf ojji-^ JUi*; RISC jf ,_^o SJiiwil iJ^uJl Js»lxf uiJU- iJL»jfr 
JLudrfU oljLJl LfdLljw iilS" ^ LUs RISC «<Im»< J-»ju . «0j*Mj Lp» p-*-*^ 

Jaa^j iy— Iffx^ ^4j &Jk£- 0^?"-*; OIjJp Jai£ tjlill ,j~~» Jjt* oliLJl iA-U* 
J| »Jb JtM oLLJl f-*-j> ol Oj^ i»Jjd Lb-V jSo: . o!&>«-Jl oJLa ^ Jb-lj J i^xJl 
J| J^SL. oCU U-UL iJjiP ilif cjU-Lu CISC oUSt. J**x~J i<.£/4 SjU. .i/IJUl 
gJUdl -ulkj (jP c/)U~Jl /y ij-S bap RISC i^o «_iks JJUJU ^xl . i*^kil J/li 

.CISC ^j-Jl tf>**Jl 

I-Ljj- Ujtyi jjJI «^>ll JLij of RISC *j*^v*i <^p V^J** hy^\ JyJ^ ^^k 
-JLsJ &J»JI JJL>dl aJI oJb- jup .Sj-iLo i^Sjill JLJl J *k~JI oUJUJl ^ 
i^wJI j_^«jJi /^^/J CISC ob£U j . JLid! apj*. ^^5; k^^SCLJI JU*jMI» ^^Jl *^* 

j>o i^UJJL) j£ CISC ti»L»JUj ifj^jf (J oUJUdl J»«jf ,jp- . U i*JUj JuiiJ *j^iU.l 

. Jit ioL. CjIjjJj RISC oUJUj i£j IJll ^^ ijf J^~JI j^J tlf. j_^Si Ajji^aJl jj^jJl 

oUj&i *jbf ^ i>-lj *lf Ml t^LjSyll Vr" rj^ u-*y tlr**^' «— »J-^ail of a-» 
iJlp iitL SjjiSlI oU^ Jar Jl p-j»ljj JLij iPj*- ^5f (^jJL uJj-^J.1 IJL* j!U . RISC ^o-^ 
Jl ^jxJll SJU 4JJJI g^Ujj Jjrf LJij^dl »LJf . PASCAL jf FORTRAN Ji. tSjxJll 

jjUoa ^» »" ... T Lfil tivj>«J »j* Will jj^j oljJa>- t— -jy •»*«>J,I t-i^ail JL«j . 5i5l» Jjj«j 

.JUf S*US^ RISC f Ik! CPU 
CjLLUII jy jji? JUt t-uSUl >.j Jl JUJI <££j.l g^Llji -yi jUl dUi Jji» Jp 
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(Jjl~J» iii; \*0y<a>- J-^il i-J^pAjL! ^Uil t-ijJaJl (_£jI*JlI JUJl jJLsdil J^J (.$JL«J 

jUa^-l l j5^ . <_H* lSj^"*? Ulsi oUJJ J.,^La'>< v_i^sal 5^-U-l LiU .iJUjii»Jll JjjbJl 

t£jX«J.I yy JiL)*^ t/°^' «-»jI*Jl ("J* (J-J^^-Jl IJA ftUjl . if_^Jl AjJ -j* i^w>L» i-*^/ 

. jUll S^jf WW PSEUDO-CODE jyj a-J; J~J -Ufc ^]| JLk-j «^ Ji JLJl 

jUil ijP^ . (JjjtJl A*J £-»L>jJ i>JV «_*!> l^ji£ A«ij gkjiljjJ r-jji ^ AiSUl jj^j A^Jl 

ijs*J> Ji« jj^jiJ AiJL>Jl ^LiVl Oy cA£>UJ1 (j^J^ jJl IM*j> oUl^i ((Akp^)) ^yb 



77 Oljijjl 



; U .n T .1. II jL&-l « ■■■■ > ■ 



tt-Wl Ji 



T 



JISL.L 




W •»!»■ 



oUSUl j^j 



ai>Vi 



(1-11) JSJJI 
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.5JbJl ojJbi-l J tj_^t (^JUI o^-*^l «—j_jJJail Js^^—Jl ^JL»p *l>r^ Oj-^JJ £w— J 
jUl Jjlx^Jj jUIl ij^JS JU ^Jl COLORING i^LJli ^Jb' i^JS .y^il J~*x~; 

i>«^ .SjS'lHl Ji L^i «_L djf g-tUjJl J*- v^i^- i>" ol .A' ■ iJLp Js^J SJLjIjJI j^IxJI 
zJU» J* Jut'-dl SLli WL> j_^»j Jl jyj\ jJjji IAj^j t— * iJa-y **J JJjS *iU-iJ 

.RISC 

JLiJ JjUw eiljJ AjJ^JU J-«Jl ^-iS 4^ <_J* Uiuf RISC (t-»LaJ JUSwj 

jL^si-Vl Ji» oLJUdl JLiJ y> iibfe jljtL J/.UJI ^_^ gJUil J»-b J . oUJbdl 

pJUil J>-b iJUi ojJUo cjUJu; *Li*y h*~j . Jp-I^il oJLa J>-IJUj JU-I J <JL*i ^Lxl 
if J jl>-Ij ul J Jj& oUJUJl t)f «_* . JLs^Vl oLJUxJl pj\j jbjj . cJ*Jl ^^ J 
•j~ji iJj-^i ,^£ . Juidl -yi iikii il?-^ SJb-lj J5 i»-fc <l)f jy-JaJl ^ lao^ic Sjji 
•j /JoTj CjU LSjJf j»*jSJ (_gjX^Jll aJLp iwL «_«IJjJ oljJaiM i— -Jy ojLpIj JLpLj jl 

i«JJk> p-s~*& oLiiJ J*- >^J! Uwl*5*l ^ RISC /^.yUaxl i/^j^-Vl SijLiJl i»%JI 

jljil o^?-f {y> -_^Jr JJLP j-S'f ^^ if RISC ~**Loj djl£ , » .•../Jtll j_^.i, U fa L»j ^ 

«_« iJjUlL . *tabU l^Uku J~kJ <L*»^i) j_j5JLJl -_yi i5^ 4j«5 Jif J iliLJl i_isoJl 
,J*j cJ%**J\ j* ji£ jJ* J* jS\ ijj^aj RISC i^jL15L* JUixj t<u jJUJl oULUll 
A-i*aj . a515j Jp SjS'li (»JaJJj 5jIxSCJI Jj\jf-j iSlij J^ oLlIIj WLJl inj^-Jl RAM 
• ^J^i" 1 • 5 Ja>- ^yu CMOS iJJSJ JUjC^L RISC (^»U<aj k_JL*if 
■yL* ^JIjJI J «jf "Sll Sj^ 1 *jf Jp RISC p^i. Jl OL>-Vl jAw J jkj ^ 
Ji (O^L^jli ^**i f— ^y a i oL^sj (jjo ij»-jLi-l cjljjJaJI cJlS" RISC Jjjj-j J^* . ls*^ 

l)[ *t— stflfll /«< n->^>l JL2J , IJuJajj "Ujju^j jOiI , t ^.i>;.«U,ao I jji^uj^J <_^il^iL>-I Slj C-jo^-i 
j^ ^Vl jf Ohi ^^'^Jlj *sm?>JI Vr" V^'j^" i>* ;,i -^^' J* -^ji t^JLII RISC Aj^ifl 

dJUi JiJ . RISC J* ju^; ^ ^]l obSUl p^w^- J* IjaJb r-JLl II* *ai dills' 
J |^i i.1* ^^u- Ljili dUi ,y ^[Jb . ^.j^UU ^^-Vl oU5Ul JJLj^J V RISC oLi 
iJU ^.^MiljpJJ (jy^\ OU5U.I 2-*b-« a_« Oir-ljXT ii-o- «-liVl aJUJI i_^w>plji-l Jlj—f 

. .bVl • 
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RISC IMPLEMENTATION RISC cttiiKi 

jjj oL ^JlII vijUobU JjVl r-i^Jljj* RISC aJLSLa *jJ>^~»\ l-^U- Jjf OlS" 
pS^a. r .../i.T JjU tJ-^VL i COCKE jK .JOHN COCKE Jl^j ii^ IBM 

Jj^ill J**0*i 801 (vi^liC^-j 19 79 iu-j ^Ij 1975 fc- iiSUL J**Jt ta 
t 80 1 AI^U.1 clv»Jlic*AiU a]^.>>»; CjUJUj ^y^r ("J-fr^l (>»-Maj lULUIS . JS'UAI {jA iuXf- fj 
ojjJb l^U fyijjf IfJ^ "-r^i ^' c**^ *TJ^ ^.r - 5 _A'^ vlUJSj Aj_J>JIj JiJl 5i^s 
[ v'-" (i*j>- Sla**«j oUJbu i« b"^ j 4i5UI jj^*J -V^ ,V~9*M O^psflil fjJL . ipLJI {yt a Jo-lj 

. SJLa»l« y>\yi i?-U-l 
4jf *_^j .BERKELEY J LjjaJLS' U.U- itf RISC *jJtJ jltll ^ai)! jSJlt 
^jl, JuJL" JJ ^. S^. JjV J£i <wu j^Jk^il Of ^1 i RISC J «_*Vl j^ COCKE 
jJI 4Pj**Al Jp PATTERSON Oj-if .BERKELEY J DAVID PATTERSON 
01 ^ RISC _; obS^U lii^AJ **jA>«il »JLa c-Jo . RISC1 ^yw ^j**? t?-^*-* o-o-«-*« 

.1980 i— J 4j_^ J**JI Ijfju 

IBM Jj-£>- (V it5j '■t-ijl <L3jjla_j tL^ji-^ RISC oUS'La jJLj>cXi fj-JI 

IBM J_!L* 5j— -jJ 1 oLJj-i a. ^ ■— a. --..U «Jl_a Jl cJl^o .BERKELEY _, 

U ^JJI ,>• r 1 ^ ^ ° 1 ^ 1 c**^ •>• -^ J, J U ^-> HEWLETT-PACKRAD j 

.RISC ol 



cUa^I ^^l«j /jS^J . UUi) il&Uw* 4i_>"W oL^-U^S" RISC ^15; (j^v fLl 

MIPS COMPUTER ^- . CPU SJb-jS' ^£ d~>- RISC BU, 6 J^jc^JJ j_^ 
i*JLu 0*JU ^u ^JJI MIPS £)Uw>Vl y, If— .1 A^yJl .1* oi>-f) SYSTEMS 

a -L-tS' MIPS olySL. RISC J^-. Ji ^jU-I •jvUIjJI ^^u Jwcu-j UJbU J . ^IjJf Jp 

: ^ RISC J 4s~jJ\ ol^ai 
[i*JLu- 79j mips 5 _ 10] MIPS R2000 
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[**Jbu" 1 1 8j mips 1.6-2.1] IBM RT PC 

Hewlett-Packard Spectrum [n/a mips, 70 basic instructions] 

[iJU; 91j mips n/a]RIDGE 3200 

[oUJUdl cf v-L-f & 5j mipS 3] ( ARM) AC0RN RISC ^ U 
[i*JUl 1 60j mips 4-10] HARRIS HCX-7 

[oUJbo'n/a «(C1230) mips 3.25 i(C1200) mips 2] C1230j CELERIFY C1200 
[oLU n/a t (T414) mips 5-10] INMOS TRANSPUTER 

MIPS a>-j cu*-; 1 986 ax- J .iil£. U£ RISC jZ*i t( J~*iJ.I ^Jl 0LS" \^> 
IBM RTPCj RISC J**^ t^JUl jj^\ ^j-U-l £-, . ^I>l j*-* $ 1,750 _, RISC 
tfji-ll <Jt* tjjstt oLyk- jl*J c*6jl dJUi -^ jtft .$ 12 ,000 ajJbL ttl? JjL 

.jtSfj $ 250.000 Jl RISC Jp itidl c5>aJI .-^-.LJU 

MIPS R2000 

oiryJl ^ S j»-Ij MIPS COMPUTER SYSTEM INCORPORATED j~*S 

Ja>- Lu .^IjJVl ^^ Jpj oUj£. JSLi Jp RISC ^ I^U^-. ^jJ ^Jl iLUJl 
jjl £U,32 **~o MIPS i^* oU-Lc Jp CPU c yfj jrtij oIp^nJL R2000 
STANDARD o^U ^. JOHN HENNESSEY L_*jJ_L. a_»1_J, -^p c^ 
^ . UiJl J *UJUl ju.% 1 iU) lii> of MIPS |V .o.^:,l ^ . UNIVERSITY 
jilkJL ffjliU oUrUl U»j i_i*UijJJ Oy-J^-j Ji MIPS alij Jp Ldl ^>saJl gJUil 
l j lr ,(2b-11) JSLiJl Jj .(2a_11) JjCtJl J iLj* R2000J U5J.I . RISC-CPU j 

. RISC CPU J Jstli JL>I g-^Ujj 

jju* j* CMOS ^, •,,/.' U-Uji MIPS J**x~J tRISC CPU ^» J*-f <y 

cobuf i<_JlS j (JplSj fUw=» 100,000 ,Jp lSj*^ ^J^t" 2 <W»jP Ja^iJ TTJ '.}'' 

CMOS Of «ivv>- . ■^ r - 1 44 ■j-* «%* iiLj SijAMif i_JU)l u^U; . Ju 1 x JU 8 . 5 

. oll»lj 4j!Aj y> JSf ^JLJ iSU^Jli iUai>^» i£\jj£ 4ili> ^-Ui^ 

■y Ljyty £>dL. JiJJ oCL; y RISC CPU J.b-^1 dike USUI i>UJl -^ 

Jjj ^j&j , i*~Ji!lj v_jj^iaJl JJb>-y iUdij 32j pt-jj^ 32j ALU A*jL«J-i iJiklLl SJb>-jJl 

. ***~jii\j u-jj-^aJl p-jl^J iJUoj 6 4 i**~j J*«— 'j il^j 3 2 i*»«j i»U ^I^V tA>w 3 2 

iS^^S** oUUjW iJ^j «_» J , /j") RISC CPU J p -o .M ^l yljf oUJLxj kt-y^~ ±yi 
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ja i&ij. \+Jl UaJI . VIRTUAL ADDRESSES i^ljdl -^U JJ ioU ^L* 
^l»l TLB j^j 4 JjJb- JL»*i-L .(TLB) LJJ64 iu, tjH x t <-^y Jjb 
cj t*j* ^ Jl £0- C^ <J* ^J-^ CPU J C—" " CROSS-REFERENCING 






8Ku~< 



oUU 



1" 



CMf- 



LV EPROM 



m 




IF 



4JUUI iULUJ 



\> 



I 



^ U \i 



n 



irnr 



s/IJUl . 



<>V 4 jl **>v) J; 1 ^ 1 J> 



VMEBUS 



i/l JJl Jili 
MIPsJj»U-l 



inr 



I 






nni 



vLjcJ)' 



^yUJlj oUUI JSU 



^UUJiU 



2T 



^ j»n 



VMEBUS 



H 



J MIPs.vti^t^lJ 



T 



Qi 



<f/2-11)J*JJI 
MIPS R 2000 cyU>-^l iiSL* 



aJ 
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HANDLING djUJ LuL.^j*Ui ijS\s ^Ji-J JiLy ^UiJL iljUll gJULI _ijj 
SjS'lJUl rt-.k'.j 5JLp-jJ o"5^t->-5j TLB oJb-j jw_j JjLw^JI oJa . UajM »r ,,-*../tij 

RISC Ok «JsJj-» W 4;-^' £^1 J*"* •j^^Ij' !tfc— o^»w 3j (MMU) 

. vrjU oULj oLJL; U*J £U 128K iUJj CPU 



1 



—■LiLi (32+4) 



h 






II 



P&.-U / «--— o!)L»_ 3 



MMU o^tw 5 



<JU*1 64) TLB 



1 



V 15 



PFN(50) 



ft 



I 



j_j.ij._a. 



(32x32) o^>_. 



^u-i yiai u^i 



C*>* 



4-.--H / i->j-*Jl 



iijpjl «_j*U» 



MUXg_-l r Jl*U*J i l_H 



VPNpft) 



1__J 

T 




(20+4) ,!}, 






(sj/2_11) JCSJI 
Rise CPU J ^-UH pjkall 
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-u pi 11 *HJ>\ .MIPS ^ywJl gJUll *bV is-U ojj^j^ j^sJil ij^ail 
H -J aV" -Aj*j «oLS o")U*»Jl £-ilj-« StLaS" 0>—Aj i)j^~h £***" oUJUj i_i JU- ■y> i «. /tU 
SjjP J^l J>-b J JL>- r - . RISC CPU J 4j>«xjL JUI *Lif j^Ul JJLd HLL ^-.1^ 

■»Jio ojLpL AAflil oJA jUol* pAf 4Jj^-JIj JiJl *Ja^ !j>Uj S Ja-j lS*^ '- J ^'j^ 

JLidl apj*« -^ -bjj Of "-i^vall JjL£ «JJUi Jl i»U>\ . SjS'lJUL. j^b ^f <_i.U- oLJbdl 
. £+£. \&- CPU oUJ^- £_. iJjUJH gJUil oLJUo, ^ocidlj 0j4-l J»-l JdL 

IBM RT PC 

<U£)I l^y IBM Co^j 1 1 98 6 Jl- JSljl j RT PC J^Jl &*■ \*>- JUoj JLla 

«.,.:. /a jj iojpjll k_«*-lj^-l *-»Uaj J^i-lj 'j* LJJlJ.1 OlS" .RISC i^2j ^jJ oJUtjj 
JLij Of ^*"~ i t^JJl oLSliloJL* J iJUoj 32 4ju-o RISC «JUilyi. oli-kJI i-.01*j 
v.Jjfrf JLAoj iJU jjli 170 S.ijiil &SUt oj_jj tijJcuJ .i-jlill j <uJUJ OjJL» 2 LijAi 
. iSUl CjIjjj j* SjjA* SjjJj RT PC's lLjLJL«j ip^f ^ <»Jju 1 1 8 J I 
OjJU 40j UU OjJL. iu«j SjSI.ii DESKTOP fc ^$ai RT PC-10 gi^JI J^lji 

Jp ijj^oJ.1 il^Jl objJaiLl Uf . OjUl ^jU-f p-'jJl ^Jf-J <■ ^JU*» &ljJ»~<V iil>- 

JajjJ Of (jSlfj jl^Lu-f 0j*-j iJU^i ojS"li oalj ^Jl A25 j 25 j 20 ^oUJl ^ ,j^jVl 
. <LpLw> oU-Jauj Cj*''^' l ^iy M ^" pi" '<*"* i\i**~^ IBM's 5080 i*-»"j ioJiu JJ 

Uj> ^_«ji ,jJI (AIX) UjLJIj iJLidl Sj yadl IBM oUjJiu RTs islS" J*«i~J 
OjJjJ 2_; .y.0 SjSIJUl j^L" Of RT PC J -j£r .UNIX yljf U5U ij*Ui s/li 
*_< iljUilj ojiji* 5j~-> i*~i oJL* . 4jyjJLl iL*»_j 40 J..t.ni>.J L^V Ijlii (2 x 1 o' 2 ) iJl>- 

tAjiLtf-Wl j\P OjSIJJl ^y 4ju*\ji\ LjSi\ »JlA i_jLiUU«1 J>-f -y . iiwiljJl «_^>.|ji.| L_JLpf 

SJb-jJl »JL* OjJO . (MMU) 4.Lai. y « »jjwa» SjSI JUl *JiJ JJb-_j AJilij RT PC *M*i~5 
Oji- hjjjjii\ i>*«iJl ij*? c-«li U ijwJLl aJUoj 40 JLjcu-I Jjx^JiI -y *J^» (MMU) 

oJA JJLitj Js^l -y . IJLs^- ~<>j?S ^5* *Jilit SjS'lJLlI J AJ^jJIj ijsiljaNl AJjjJl Ou CJ^U-J 
,i_jjJLl« 4>»isi9 Jj^J ^J^ *^>? OjAlfe OjSIJL! JaJaJt <L-y MMU fiJli^-J iJU-Vl 

aJL>-j« Jjf . ii*»j 32 _j jj^Up j-U«aj . SjSl JJl y LU? RT PC ^Jl** t-^lUj Ij^?- 

ij*»ljal 4j_jiP J} ilve>_) 32_j iwJIjSiVl ii^jJl A-t~>y ,_y» ^^IjXiMl JLkiJl iJL-j y> 

«_>-y 0>- JL? jijv Uykj 2 40 _ 1 Jl SjAliiJ! SjSlJULJ LJUJI jjjJ-l Jbjj Lc iUaj 40 _j 
l»l JLi^-b ^U Oly* JJ iUoj 40 a*-j ^^IjaMl oIjvjJI Jyr *<^i Ji «U«I . 1 Jj>- 

. i_j_jjU1I 4>iAsaJl cJjJ^- 
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^ JUlizll v_J_j*jU-I <d<u«iw 4>UW Jj-^A- j*3&- p-ijjtjji i_J|iiii hrjL/li\ iij-X^- 
i_JjJLflli ixjtsiaJl JjA>- djS y> ojUai^l <j _pJl , ioLo ,jJjli* JJ i~&\j&\ "jijliP ^J^ 

iolll 5/1111 *>~J of vi-p- . v^Lr*^ 1 JjSIJUl •>« V-b iolil s^lJill »^- *-* v_— bj 
.RT PC gJUl Jl^l gAij, ,jm. (3_ 1 1) J5^JI J .klw JtS-f j^. 



iililloUt 





«AJIJ!y 




wjL^Li ^ 






clocks 








' 


I 


' 



ROMP ^JU. 



•US Jj* 
JLiU.1 



^IjJI gJUl ,-iJjJ 



SjSIJJI 



JjSI JUl olilj, JiU 



HP 



*jy*JJL; 



3lluiLS 
gJUl 



SjSUH. ,^«dl " 



(♦ . r\ 



^i rt^ . t i tl l i^l_ r v*^ 1 






gJUt iflU uLI^- 



iA 



' HAu 



uut*jas 

ijSIJUl 






;/1aJl i 



3 



(3.11) JSLDI 
IBM RT PC gJU. 

HEWLETT-PACKARD SPECTRUM 

HEWLETT cw i-Jb-lj ^U jUofc RISC-, oA>f jJl IBM JiUi - ^ 
cJa^ .RISC «u^" y^i* Jl v-.ljJ-l ^ Jls^l l^-bJl J*a Jy^iJ PACKARD 
.iU+.'S>j^ll l^USl. cJU ^jJl cJjJI j If J**- HEWLETT PACKARD iSjJ. 
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i> ij^i Rise v_jjj yj£ ^jJ ksyj\ (—^i yj spectrum ssyui c->->-f 
i^dl 950 iJiif JLJLy 930 *Ji;F iUL. ^jj-tll dJUJJ J^Vl *>~zi\ c^\S .olji- 
djJL. 4 . 5 JLia ^, k .,„ . ^JJI RISC ^JU. Jp- 930 aJULJI o— w» .1986 iu- 

t SPECTRUM vr-lj*- oU-Lu" ap^w? J-^y t RISC J ^Vl ^Udl Ji- 
c~J SPECTRUM US^ •_■£ .i>*JI g-ljJl JLwcu-l o,:> ■>. JJUj li!>L-L 
Sjil ^JU . «JLi« iJlUi, jU«Jl Ljxk-I^ -j&c Uj, ^yi LpV (.jUJl RISC |^w^ 
jjaJ\ .HEWLETT-PACKARD -cdSCi ^Ul ^Wyj UlJjJI jj^JLi MILLICODE 
•j,. i_jjU> U i_JUj j* AiJjJl j j^l ,y Ijj* J-5" (_A)fcj . i^yill gul^Jl a^JU iii Jdl 
j_^l iju {iyi\ . iMA\ i^»UL| Ifjijtj ^a>ii«J 1(1^- JLcJ j^Jl iJjf i£U cjLJLo o^^-Ip 

J ikj»~JI oUJLicJl _yWj . (.pLo \^>- Ja5i Jbiij tLiJLlI j_>»^Jl (jf ijJCsaJl «_*I^Jlj iiJjJl 

J *k~JI oULd' jf j^" • W 1 *^ ^V^ 1 J^J 1 u* SPECTRUM oLJLo i*j*if 
^sJl iywJl ^IjJI ~~i ,j-i; J^ y of u_jt U^ UiV LjXPj-- tko CISC oU5l« 

.Iju*; JtfVl oLJLdl L$L*x~j 

.SPECTRUM oLSL ap^ J 4~-L»Vl oU-Ldl ja 70 Jl_p- Jbj-jj -of ^y_ 
j/Slc .oULj oU-Lu CACHES .-J* <iJJ.Kj i.U> ,>I>V ^U- 32 UOI >p 
A»*"m.,V . o jJjl.; < ijj*/oj <v^ljal SjSo <l*^JLI i»L>- iju^u 4 Jk>- ,J| SjJiLlI «Lj»ii<JI *l y>-j 

.SPECTRUM U5La i~. (4_ 1 1) JS^JI 

RIDGE 3200 

Jp JU->j i^jiJkl aJLiJI ijjk«aS\ 1^-jw.lj^Ll J^p (j-Lv-f RIDGE i_~*J_p- cJLc»- 
JUJI »bVl Jl» RISC CPU J^i-J RIDGE oV l>: .*Uj 32 iuj RISC U£j> 
DIGITAL gLil -^ VAX 8600 SJL^JI ^JLjj 3200 MODEL 90 L^i^J 
JLia S^-j ^ 3200-RISC CPU !0>-jJl uilts .EQUIPMENT CORPORATION 

JLidl SOp-^J . 3200 OjkLa ii5LA (5-11) JSLlJl J O .oLJUj" jLaa^io.1 SJb-jj 

«_jj*j iL/»_j 64 i«—j ALU "VjI—s- 'o-^jj ^JU»j 32 i*»») i»lp ^Ij^V M>*«i 16 

J^ j »Jl>-lj i*JLu ji^ il)l CL>LiJUll jUap*X-»l SJb-j /».-.Ja".^.j . Ajwsj 64 Ou^j ,_jl «J-a .»■! 

. iJU _^JU 83.8 J5 J jf JipL. Jjja 
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Uu^a Jjiu SUPERMINIS (jj>uJil *JU hj^> ^~~>\y~ RIDGE c-xuo JUJiS 
oMU^I oLtl^ if-j^t uV dU.& cx^- .SERVER/ EFPj, SERVER /RT ^aj, 
I^aiu £- IfSkilC jf IBM PCs J^j ^kL-S oloU -^ olSLi Jl iJ^Vl oJla J^: 

. SOa-j} 5 iliJj) 



H 



,*»-^ JjU 



Lrsi— JJii 






I 



IE 



a* 



TLB^SUi. 

— : 



aJijpiUcvi 



UJija; 



""LET 






<; 



IT 



ojtJli ;/ li Jit 



(4.11) JSLUI 
(Hewlett-Packard) Spectrum «-lSL» 



^ 



^-Jk; .Sjj^ iiJl SJUJI L^\jJ\ oLUJl 0^: ig»- J\j JJI StfLc Jl. jJaJl ,bi| 
•~*^J £UkJ| iUUU <^U ,>I>V oU-U* iiUj RISC-, Sjjjll ob5Ul yipf 
«U ^ IjjJ i2Jk!l JUlAll oL^ jJUfuJ iJi-i J) .iayi a^Ull oLL^ 
SjLt* oU-U. Jj ojb oLUU a I* £js CISC-. S-^jil oltfUl Of *>-ji Ji gJUil 

. (Ul**^ COPROCESSOR 
Sj-iLi iaJUl iUUJl oLUp jUJl J* l^joi RIDGE RISC CPU U>.j j^ 
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J5 jfyj RISC J tfjJJcW jLJlI ._jLj>- Jp 5jJill oJu* ^^u jL -_/>J ,ii\ij\ Jp 
4P_^-»jf "y 9 1 Jl oUJuJl i_Jpf .iAj (jio . SJb-lj ipLi jjJb ^o o JIp-Ij 4*JUj 

<*_*5 . oljjp i~>- iiJJall iU^UJl oLoJUj ,ja*> Jl^-u .(jyjj^jf SJb-lj SjjJO oLJUJl 

t,_yi>-Vl Jp t&jUll J^j . i_^>o«D _jp Jj y>f j* Sijia 4iUj Jp oljJull oJlA ^£j»j lUUJ 

J>^a o^*J.I VAX-11/785 Jp iUill ^ RIDGE oLSU J £Uk)l iJU-UJl *bf if 
. ^JLkll *U»UJI *bV ^UJI jL^-Vl j»j LINPAC JJuSJ jup iiJLkJ I iUUU 

ACORN RISC MACHINE (ARM) 

J JUJI c^j L.JL* ACORN COMPUTERS LTD J lUj^ JsiiJl j^u 
iJlki^Jl iM—3ll cJill-f 198 5 JL, Ja-ljf J .RISC &JJ- ^^ ^JU, J_,V jlj-Vl 
JUjcl-L; ARM ^-.ARMjf iUj 32 **~u l^fU ACRON RISC MACHINE 
J TRANSIS TORS JJlij flw> 2 5,00 Jl^ JU^J CMOS tLkJI ^y oJ« 

JjL*^ «LjL jj\j 150 SjJLi Uwoj «uJUj ijji SjSS JL>-U , (1) jS^X^i iwJai /jj« *_j JU rtJU 5 

«_jJj»j ioLJ-l iJikll 5JL?~jJIj ilyaj 32 i*rf*j .L^w 2 5 5JL?-lj <iSlij Jp *Jb 
i*»j 0L1LJI Jili *-» . oUUdl *Jj>«iILi JiJlj o!5^«~Jl oliLj i>-ljjj jJJ-^J jljla—f 
Jai J Ul jJiUl jj J£ J**j . iU«j 2 6 i*~j SyXxJU ^SU RAM J,«.«l1>.J « iUaj 3 2 

. aJIp 5p^*«j ojS'I JJl JJ jlj^i^L) i_jL«ix] ollLJJ <«-«-~j ^JJI ^liJUl Jai j jl 1>Jl^o 
jUaJ ^yj J - ,a2 i • V^ 1 J ^ <Jj^ 1 8 Ji SjS"! JJI ^y 1 J-^i Of tjSlc cLUJJ i>wJ 
Jj ARM *i\Sj i^.(6a-ll) JXJIJ .l^JUif u\ji\j\ ibfll -^ ^Jl S^Jyl iS/IJUl 

.ARM U5L* i^. (6b-ll) J£jJl 

oUjLdlj dj£-\j *s+fcM i_ipUail J>i-Jl_j Oj^-lj &L*dU j^I J^-Jlj J>»-JLI J>»-Jl 

il** Oy^ if 5 ? 1 ** 1 oLy^ (J jp_^i (Jp Ja^aj -u-Jju wUiJ jjS^c y»jj\ ^yi-jj . **^L*j (Jx! 
ARM J qj>\j, i>bS J^-f y .>Jlj Carry [J^jxll] J^pdlj Overflow ^.aJLill 

. Prolog j Fortran j Pascal j C J olij*<x« yji! 

«_o J ^ Aidl -^ iS'j/Jl cJl£ ARM iSlij Acorn c>«.».s^ i^-UI cJjJl J 
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SJjj^i-l PCs olJb-j J ^uj» ARM jJ- Of SjiUJl cJtf . Ulk,^ j i^oi^iJl ^-~*• , ' , _» :i - , 
• *tiJjJ ! -*^-j ^^i ARM ■jS^ . Acorn «_» as^AjJI oli oL^dl jf 



CPU J^IJ JJU 



<« : , W JI jLa^U^I sAp-j 



IZ 



cjU-J^m^Jj 



] 



*&-dl V*Ia>J Jj-Jll jUaa^U-Vl JjU- I 









JL_-ilJl »JL>-j 



^ 



IF 









<^ 




(5.11) J&JJI 
Ridge 3200 U6L* 



ujj-U-I J* J**; jJl ARM J (£5000 ^ Sjjku sbf Lias- Acorn {J& 

.IjiUjf j Jjrt ^J.I j-i^Jl t BBC ,Sji^ai\ 



Harris HCX-7 

gJl** ^ V «rtl Ijjtf ^^1 JUJI l j J k^ a i\ v-^U-l Harris Rise g^Jl ^_ 

j- VJj J-jcu-j HCX-7 . Sjjrf-JJl MIPs Rise oliU, i*^* V> iSlS, J* Rise ^J^ 
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.<Uj 3 2 iu-j CPU ^^aJ J AMD's AM2900 il^Jl i^ c^>^Jl ^JULl eOJi 
J^ 1 J • <iM J^ 1 f ^ (J Unix V^ 1 ^ 1 J*^J ^^" 16 0^ ap^ J^cj 

.HCX-7 Ow. (7-11) 



*xx^ww^^«*rw^ 



^^nt^TtTTn.^.irt..'tJwr.r-r.r.T:.y<^f 



« 






MB: 



ill' 



» # 




&kVN^ v 



jr///J/S4f s wWWWVfc 



(t/6.11) J£jJI 
(ARM) aiij 

oJjjj »£^ S-b-jj oLjU: £-"•'" t>* *JU^jJl <4^ oli 5j^>«xJL; J&JJ CPU i_&Jfo 

. S_ySlJJ!j oULJlj oUJUxIl i}j+&AA i_Jp A*jw-j .Ash* A*\jjj *iu*>j 32 5jv~j S^Sli 
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i>d» 7 J 4 On L. Ha Ljif Ml $225,000 ^Ijs- U1& <~"UVl HCX-7 io^Jl of £_. 

. iJliJl J i*JL*j 

Celerity C1200 j C1230 

aj_lij Rise J <-~ijAJl i-ijjdl JU^t ^JJI i^t^MiUJD j>-l ^-!-a« j* Celerity 
4—^-Lij ,y> Accel Rise £-JL** Celerity J mCw .<_**LjL| ij_jj_iJI <j&i_pa-_i 

.yljVl & 150 I^UJju i^f j U of Ml Rise Ju ^USS Accel jf ^ .^>uil 

oUJadl cow-t .iilUl iUUU oLJ-l oULJl ^jj oLJU; it-y^ cJ^f 

. Celerity JljJ ,j.u ^ oLLJ-l .1* Jp jui*J ^J| y '|j jj| stfUi 

«jyJl iijjj oU-UJ ^JLp JJUiS'j aj^JU JfcJl -j, J^ i^' Accel ^-.v? 
iJtf jJl; 100 ■y Sjji -yij yjj ^» .Zj-^Jil otiU-j <2LUa)l aJLoUII «JU, 0}U~.j 
iii ^JJI C1200 J *JL» ^JU. J»xu~! .5/1 Hi -^ ^U j^JL. 24 iUJ ^JJ jf •_■£$ 
6 . 1 5 _, C1230 j-j^ll gJUU J-wo . iJtJl J i*JUj OjJL« 3 . 25 _, «Jj s^ji, oUUp 

. iJlill J i»Jju il)jJL» 

INMOS Transputer 

gJU* J^f ^ . Rise ^ mjUJu* *Ijj U Jl Jic aJT INMOS Transputer v»f 
ojljdl oU-Ull 2_,a_; .y^ aiu* ys^, J J^^uJ U^- ^ ^s^ 
oVU«5«.M lo>. iLU, 1«Ja£ Ija jf £_^l ^ .sj^L, iyk* j CPU oLSpU. 
g-*^ ,^-ij" iJ^l ,j* Vf ^SVl ilafcJl ^ . ii-t^l ii^Ux. oli-ky wU 
ifi'j^ £^JI g-JWI jLij' ij -c* .a^lj oi J Ha jf l^ giU Jl iiiyl oUJa; 
i*l g-pli II* 4ji, . J^Jai -^ J«i saH, CPU Jp Jldl ii jj u gj-f «j^ 
■k-'j g^ >-2Uy of i£l .iipUll CPUs ola>-j J* -uJaj, iSj^JL jaJI -^ 
cij J>fj jlkJ^J cjj ^1 0^. d~>v iijxu CPUs olo>-j Jp ^jc *_^lj 

i*-Ul ^ .CPU ^j^a,- ja ^J MIPs SjJ^Ijls. »bVl yUl oU^kil J ^jl^xll 
uJk; diliJ .^jjlaJI U--IJJ-I -^ itjJI jup ^.^f ijijdli oUUl -^ iJUl 
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CPU JJlij cjyy Transputer JiUl gJUJl Jp <*JUJI ^JijVl ^ J*-f -^ 
jSUj INMOS c-Cv» tfiJii" .iJUil ***b o0_)5t. ( ^watf j^i! SjjJax^ ^'jJfj oli^Ci' 

oU-Uil /*« ijlpjj -kr-jjJ .(J^^l <!jJwaJI oLi-Uil /<_» JiUl pJUil iaj^j <-jLJjj 
iJL'jJU 50 ^yj iUj 32 ,»-**<* j»j 1983 <u* ^/-f ^JUl T414 JjVl .iliUl 
2K ,y <i!> Ailij J* S^lj T414J .iJlill J i*JUj Oy.^ 10 "^j-** -hj^ ( ns ) 




(7-11) JSJJl 
Harris HCX-7 i-b-j 



•_,#■ INMOS cjJLp! i ., j«.,^.j| JU*-f Jp Oi^ jjj-* -Wj 19 8 6 &~- __pMjf J 
1 . 4 UjJii ilUxJj J^lj ^^u-x juudl J^SU-Jl CMOS UZ T800 cJUxu«l . T800 
•^wLj" . JL« 1 1x9 UjJJ SiUjII ja iSku J JJU> *Lw» 300,000 ^J dUij Oj^Swi 
ijUJJl ilsUli iX^ 5Jb-j i.,i..Ab T414J ooUl CPU J iUlS^I iJb-^Jl T800 
T800 oLLJ **j*# J*jJ .T800J J>-IjJI pJidl jw. (8-11) JSUUl J .(FPU) 

iv—LlII iLilaJl iL/sUll 4_Jt>-J.I jwljjl J>l JL>wjL; , iSJJaJI XistfUJl yiljl •j«.yix,j 

, oWI j vlj*l **j oli <UJUj (Jii^ i«jjf JLiJ «_Jax> J T800 Co»jv»f (Whetstone) 



497 



J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



. Lf-LJU; Is-yJr jlk (I INMOS fy Rise obSl. ,y> iliUl oU-l*11 of £_,j 

of J^jtiJJ J* v_-^j lL->«j Pascal j C j Fortranoli r A«AS'yJl c-pLj >2JUi -yi VoJ 

4Pja^ oli^vsll c'.:......-^ JLo» t f j*«Jl J*j . t/Sj^l iJl* <jJj JibJl pJUll ^-»ly <-r~^ 

. ^bVl jJti V of v-^i JUHj JSISjJI oU-Lu 

c*w> .Occam SUJll ^ji-Al iJU LaU\ XJjJlI idJl INMOS OjJi> dUiS" 
■_*} . iliUl oU-Ull JJtfJ* c-jlo ji^JaJ r-lj3t» c-^j LS p . *jjlj^ i*y ol<. : . ; L'l Occam 
1 l^ * 1 980 i- JJljl J L^ cJU>f ^Jl ilbJUl Jul. Occam cJU-S JLs INMOS of 



Cisc Jjli* Rise * Ijj 

Jy JJL>- til; tl)f (j5UJ t JiVl jJ-l Jl OwiUj Ji Rise oLJju ifrj>*jf oV l_^ij 

yklt jJU .Cisc J fcil&l oU<I^Jl ,y J>f Rise obSU iysSlI £-*ljJl cJtf lil U 
ti^jj^jJl Cisc j»\j\ j* Sy Jif i->oj*Jl Rise cjUJUj CJU lij . JjJLm «uf JjJ^I IJLa 
^-J ?Cisc i*JU; J£ /jj. SlJb 7yj>kj> J oiJxu Rise oLJLiu JUjcu-I k^£ *$i\ 






-N 



U-jijSjll 

«L>i32- 



ft 






rji 



1 



4-K 
SRAM 



ujjjdl 



» 



(8.11) JSCJJI 
INMOS T80O JitJl gJUll 
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J4J of V 1 ^ 1 "j* 13 j s ' Jj • ^J Risc V 5 ^* w-r - "°js* ^-r^ Ww» JAB oli" lij 

.Cisc J iijUall lf>«~J j- £jJ djSJ of J& Rise ^' J.U» Sjjj 

a!»LJ IJaJj -ivy! £j-*f u* R' sc (»^'-^ J " o***- ^ t^-^- *Jj* of Ajk^-j 
jVlj .uu_^ J>f >* Rise fcSU vj^Ll (T^ 11 j^y of Jy; Of U^c oL~Ldl 
j^J-l dl» .Ji^-I *j-J .^ J>t L^j oy^f £__r"f J**i ^ i^Ul S^jJt Jl jfcl 
juid JjUl ^j; JwJl Jbtt. g-UjJI of ^ vVJI *s^Jlj iJJljJl «v-Jl </^. ^ 

.Cisc J *Jlsai £-*loJl 

iJU »L*f .ou£*ll ju-»*d j& J il .iSjaJ-l J *^ M f&UU «JU J tkU ^ 

p>&- JbJL*i j JLpLj d\ •~ij.fi »\i ^S i^ljjlj Jsjw Jl JLwCU-l JjJj>d oLoVUj Oi-^l 

Jju« l/ Ji L>»I JLiJ Cisc j Rise c*L£U ^ "iS jl oUjjJI ^^ oio . Rise g-»^j> 

JCil , ijj^ai\ n-*\j)\j J~^>J.I i-i^stfll (*^i* ujj *_*£ lwUA>- Uakt of jXj 
v, ol>. ^r^i fr-f l,»t c*al ^Jl vj- 1 ^ 1 Hitachi SbLfJl iJLUI tf^JI l^j> 
l^^j tjj^. oil , i*x**i^. Micro Code 5jyu^ jfj ly^ U-U. ^JJ ^j . Rise 
Lisp jf Prolog Ji« ^UWil *!5"i ift^ olil i>£* cjU-ia; J-i-iil c - h avi^ -j A132 _» 
oU-Utf J*xlJ ^Jl i*KU iUj 128 ^j* iiU- 4K iiUJl ^y- . Smalltalk j\ 
oil i*?ULl IjjLaJa; ilxfl Eli J I J*jcJ. 4jj*s<J1 OjjM oLJju ^5 . dy-i- its*** 
*-£&-* tLjiK* J *i>vaJl jj* Jl £-Jy . Etf Jl J* »/-l*» Irj^j ^js-il iJUJI oUJJI 
1987 i-. ijlti j .^jaJll *JU!I AL iiJJ k»*jl\ yj\ ,y ij£L> JLU of A132 

. ft J^Ix A 132 > r j ii/ l'm 

Bus Architectures JSlill oUlia 

JSQJI oUlitft CiLLol^ 
Characteristics Of Bus Architectures 

ZmwjIJI OljJiJI {y X Jc-^J (^31 oL*jladl elii "U-fJ J^j ...*) JiljJl «-i* C-,».».V . iL^_j 
16 _. JiljilJ al-li«l itL-.o c— J ^ cUUJU i^ .^»j 32 Jl oli SJOJji-l JJli^U 
i«J»Ull oljLi|j ii^inJlj. «X>«ill jtLu J oL^ cJU»F l^ . "%>i oji>j ^1 iUs»_j 

. i aJLixJIj 
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j^jj .JpUII (Multibus) U ^IS JiU J,f Intel Oj> iVrjUl V-Ul & 
'Jj» \$ Multibus 1 ui*Ull JiUl ^Lj . cJ%*j 8 i*~o 8 8 8 hj^\ l^U-l** £-* 
Motorola c~»-tf i *l**j 1 6 J ^Jbxil 01 JU« J liUiS" . <L^>j 1 6 i*-j 80 8 6 i-s-y~4 
J5UI jji* .*Uj 32j iUj 16 ^ & *2-«J-l ^ o-PjiJ <^Jl VMEbus S^-jJl 
oJLa .Nubus j Futurebus j Multibus II j*j iU>j 32 k^j^J U>j-/*>- ^-UaII 
^jf. ^j aJ j~*j JL>- (5-UI& JiU y>j VMEbus ^ Li UjjjJ JS\ Uj^p ^ JSI.pl 
JilyJl ^Jif ^ Multibus II £_* VMEbus ^ lIU i £_«j . S^ Sj^u. oUUl y 

. <dL>j 32 4jvwo <UuiL2JI 




(9.11) JSUJI 
Intel's 286 /2X ilil* :(SBCs) 4*-^ a> ^ J* 



^*\y 
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of ( ^-u tUUi . h-yl» aJLSL* Li a^LsJI JiljJJ oLLSLAI «Ju> Ails' of iJjyil -yi 

•J*'.* 1 " °"*-* J**i«J i»^ku ^ jf -y o ^j ^V ■^SCtfj 
LfJ J*««i-J jjkJl 5JL-IS" oU^kl ^UVl *UJl L^i «_^«xi jJl 0L>-Vl v_JLcf J 
"**iT* QJ* SBC f-^ .(SBCs) jyi. ^J Jp v^L^ ts* ^-5 32 -i V-y J»!^ 
SjS'lij IcLmj ijJw oU-Lw f-s**^ «-4-aJI y *lJ&Vl yi VJLi .J^L? *UaJ «.LJ 
iUj- (9_ 7 1) JSCJJI J . SpjJm iyb £jJ Jp lit- £_Lt ^ J& a^p Jjl^j oUL, 

. WUJI SBCs olJb-j Ju* 

j)\ SjaU-I Sjl^-^I oJLft tiiUj 32 j SBC Jl Oj-JC^Ll JU-L ti^-i^dl <>-Ul -y 
J*jJI ik£ Ji. t(tr . i^L>- **-.lj i^Uad A>ji iJijCs' uyU*i-jj J»LSX UjL^I ^y- 
Of Ll^b U jjs^Jl ^y^dl ^JUll Jp SBCj^u" ol3j.k-.ll oJL* Jil .aSLjsJL pS^il _,f 
i JjVl j*-*-^Jl -y «-Jj*Jl cJljfj J*oVl go^lll jijial lJjjU. cJIj£ Oi ^yif 4^>- 

(Jj <SBC ^^s >Ut IjJU^ ji c ljJVl ,>u<*. Of J-~^ . c yVl ^^l. JbJbdl Jp, 
. £jyUU aJUJI oLy^Jl ,y A>-jf Jp j^ of J }>■ ,y±JJ& . yJL^ll i^. oJL* Jjo 

Jly'V 4i>i^ ^JJI ^jJl (J a& Of ^ Sy.li-1 SBC JUjc-I OLi iJ>Vl ^-i^j 

C ^J ^wd j^a, ^Ul ,yjj| f |jicl J& dUJ^ . JJJiJ aW js, J|_^,!>U oUru 

A>yUl olyJail yi j& ftl^J ^ tAAJtU «j .(jS^-f *>ji Ojkj. yyaxl tCPU 
j>JI «iA Ji. -yUi .^JmU J* y. SBC J Vrij-Jl oLSJaill J aLxUI t$>Vl 
^iLJl ^ JL~u*L .i/lJUl Jp JU ^JXj ^yJJ oU5Ukj AJl_^-bU oL^-y 
I^^J ^L^IjJl y>^i t-w, i^yjl ijJI ^la, of y*P o-a^JLJ y<£ t 53*UL| 
tr wiill jj^- ,y j^ .yjiJ tV>L^I _^Vlj ^yVl .j+l f bU 4 jl^- IJLa .^IkJL, 

g-bN 'jubiJ.I Oyw>lLi ^Ji (|JL1| ^^Jl iU,j 32 olw v-Ull JilyJl -_^j 
Jv»lj^- of JiL. SJ^I SBCs J ^ .A^w \+j^ £_* UL>-jI ^ jJlj jyj| .Ju 
•y .^iy .L 0~ (10_1 1) JS^JI j .*»iJ JSLJI ^ <V^1I ^y-Vl ^Vl £- 
a* ^y >ir Jyl jl|+l <^jf jf fi\ c ^iJ| ^ o^U-Jb c yVl J^ju t iiili <>ui 
J^»y <.U[jj4£}\ a>UI ^* .iJAw LjU j ijL^. oUL^ Jp JyU, J o^L^iII 
(>• f^J •^'^'jj) $"&*& *iyi» i^k- *s^- i^-iv. J*. \^om «^ iJ^Ufj ot>L^jil 

. f VI ^->UI Ji-f J ^jlyJL O^-yJl Ja,j ^_, (4kU Jl Ak2J 
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(10-11) JSCJJI 
^Ull JitJI JU*i*| 



Multibus li 

.(11_11) J&tJl J Jju, \S U»Ioa JJU iJLSL* ji 4jL Multibus II j^o 
Jifc J* oliUI J**i .il^y 32 ^^u oULU lyr diLc aJV *U«y 32 ^UL o^ 
i.jJiui) JiUl Id* liiUS j^i . U^j 3 2 iUw io^kJU ^Jly JiUj jjyk .ju^L 1 _, 
^Ir* J* °kL <J^ k*Lr* oMLril isU J». « .i.~; ^ . •jjjL.JI JjfcJ Ol_jii)l £-jjOXj 
%*">* J 51 ^ ^l> iLail* Jil^i *->• -^ Js-lj lu*a)li yb i.jkJ.1 J5U . (i>lji«) 4oU". 

. Multibus II Jl OjSo 
JiLJl JbJUfj JlL^I jiyjl jJy> 0*L. 2 _, Jljdl i.jliu JiU : ^» ^Vl JilyJl 
iiL* JSLij Vwy S/liJ i;l>- jjJL. 64 gj; jf -jS^f ^Jl jjjjb ojJU 12 _. | _ s j^ v ^JLI 

.iiLu JbJLi Jily ol^iJl aJbcu DMA 
j* JJliJI J £U OjJL. 30 JAj Of Multibus II JiLJl ^,h-.„, JSL-JI jl^l Jai J 
.iUj 32j 24j 16j 8 ^j*, oUL iJL? J* ^m -u£i, .iyfcll Jili Jp oliUl 
Jp iJJc* ^.Jjl i^kll JiU c-ijj -j* U-Ull c-iji J>; JA-.jJI jl^l Jjljp f _yu 
Jj*ll II* JiU ojj -^ . i^lS - i*L. ^ i^^JJ ioUJl oULJl Ja oli^jw 



Ul 

j^tll J**<£ . apL. Sjjj ujLaI «_, ai jr^-t Jjui ^^dl JJLJl _^p oUL J& JSJ oLxJI 
VL-Vl iiU-l <J j.-*-: js- t Ja vJU* JS jjJU> .u* tJ Ufcftl JiLJl Jp v_^o ^ 
ULc (^JJaJl Jsaj 01 -jS^c . ^JLUll J^Jb 1 5JLJI i^LJi iviJ -^ JLLUJI Leading Edge 
V"^ Cf*J •'***!" •js"*? **L»JI jo^tjf jUioVl Sjd 0_>& ti^»- ipLJI jjLij &U- JJ 
. iULs *pL. oj_jj LjiJ jj>-ul ;^i dj&~i Uli ^LJI SjLiJ SiL>- JJ oJL^j lij t^j^-f 

. JJ. « .o 5 ipLa OjjJ 1 J./J.i oJA _^>-LJI ttji — -■,-'" 
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(t^) 



CPU 



T fr-V^SII *Jj£a JUL. JJU 




i 



i I Ljfcit ojiai Jju I L 



^ jljdl i.jkll JiU 



(11-11) JSLiJl 

Multibus II uieULl JiUl iJiL* 

J5»tt i!5^ ^ (12_ IT J&Jl >J|) VMEbus Jli.f i.|ji.5U| JilyJl jU; ^ 
^JU* J O^SJ Ov^i«il =jj, Jl.4.1 A>Oi . fc-^ll 5 jb-jJl Cviy t Ly ^ c JSUI OV *pUI 
Multibus II JiUIJ ..U^ Jif, «U»I jtff l^V Multibus II Ji, fc.lji.iUl Jil^Ji 

. iJHII J £1*. 0*1. 40 j, wilt JSJ ^yi 
o>& -J Intel jf j* ilaJi J IlL Multibus II JSUI J*>- ^JJ| ^>VJi\ jl4 

JS^JI J . ^ ^L J^- J i^j]\ ^^ i.^jj ^ ^ j^ j.^, ^ 
Intel jJUj >jS 6f JJ . JJL-jJl jl^ JBtJl ^JUJU fcUl aj| UsU| iL. (12,11) 
^J) ijr^l ^ liJI otf^lj o^| ^JUil Ou O^U^l ^iUJl ^^wJl ^ OUT 
LAN H oUS^llj Bljk-Vlli oUSUdil Ji, (nfctt, ^jb" JUJU, oliU, JUi l^ 

. JiUL iL_^ OjSS Of J~* ^Jl (W>» *2kl &-SJI) 

>JI ^j diLU .fc*l=L| ^JUli ^ ^ yfc^ ^ j^^ jju.,^31 oJuL ^-..^ 
gJUllj fcJli^ 1 00 J* J jlj*s-Aj JJUj Jfc^ J* ^ ^JU. J£ SpUI ^j j* 
NCR o,> \iAU* .jjj* djJ, 25 H >4 ULU. Ik, V <*, ^ o*L. 5 ^ 
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J£)_> h^ y _ 8 . 6x3 . 9 j\ l^-jj 8 . 6x9 . 2 jUjL q} ij^y Lk,f Multibus II JLa 

.DIN J^j» j- 9 6 l^u 



J _iL ii-' : \j ■ ' • 



<^ 






"7 




IL 






IT 









u u 



SBC 



'-A 1 .*'" ep^^'/ 1 ' 



(12.11) J£JI 
(Multibus II) Ji'L.^1 Jj*")! J5li ^JU. USw» 



VMEbus 

ja VMEbus cJ: OS) .iUj 32_> Jil^xU s^J JSVl ^Jl VMEbus j*u 
»JLa c*sw>f .1980 JJljf J Mostek j Signetics j Motorola lt=jji> aS'jIJL* oUvalj^ 
O^tm 1 Multibus II j VMEbus .UjS . IEEE P1014 S^Lill SJb^JLi v-.U-Vl oU^ljil 
32/16 i»u«j t_o*Uo« JiU aJS^. VMEbus jj*i . a-j j— Jl oULJl JJ5J i!5wi uj/iki 
. J»\j U ^J~\ oli Multibus II JJIjtJ ,*-«• iylilL ijpy Jiljj i*j J VMEbus J . *L^j 
0*-*^) JSCJtJl J .fl^ilj oJ»Uilj ^j^-Vl ,^>Jlj oUUl JU ^ i^jVl JiljJl 

.VMEbus 1>jW- *jjJU 

J^i^ij ol>& ^JJU _^ j4» . oULJ! JJd JiU j* VMEbus J ^Jj\ JiUl 

1 6j 8 ^yu oUU oUK Jii *pJb of oULJl JiU j£s . oilj^. V Protocol oliU 
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ja . il^L-L oULJl iJLS" fjfijf- bij> V v^l Z>jy> j&y J^-f y . <JU»j 3 2j 2 4) 
JJ J Back Plane *-aV=J-I ixjivoJl ^ IflSJ jI^j ^\ oLiLJl iJtf ^j* j;vJ«j ,j5Uil 
oJLa .iU-j 32 Jjf 24 jf 16_» Lij OjSy %i*Jly JjJW dlliS • J £J.I -^ . Jjsu Sj_,j 
J JLjc-^U jL^-MI S»u>- VMEbus J**i iL^jJU Jl^tVl <-ihfc ^U-x-V SjJUtJl 

. iiv>j 1 6 _< jl o^Loj 



^>)l JiUl 


ijUVI 




OLjVI »Je 


juLiaJIj iAO 


D0-D31 (Data) 

A0-A31 (Address) 

AM0-AM5 (,4oWr*ss modifier) 

WRITE 

LACK (Interrupt acknowledge) 

AS (AaWress strobe) 

LWORD (long wo«0 

DS0-OS1 (Oatoi/rotos) 

DTACK (Onto transfer acknowledge) 

BERR (Bus error) 




32 
32 
6 
1 
1 
1 
1 
2 
1 
1 


gjU^II j^dl 


BR0-8R3 (B« request) 
BG0OUT-BG3OUT (Bus sran/ our) 
BG01N-BG3IN (B«« gran/ in) 
BBSY(BujDusy) 
BQR [Bus clear) 




4 
4 
4 
1 
1 


«tLill 


IRQ1-IRQ7 (Interrupt request) 
IACK (Interrupt acknowledge) 
IACKIN (Interrupt acknowledge in) 
IACKOUT (Interrupt acknowledge out) 




7 
1 
1 
1 


f L»ll 


SYSCUC (System clock) 
SYSRST (System reset) 
SY5FAIL (System fall) 
ACFAILfAC power fall) 




1 
1 
1 
1 


tW 


+5 VOLTS 

+ 12 VOLTS 

-12 VOLTS 

+5 VOLTS STANDBY M>l 


oljLi)!!^ 


107 

3 
1 
1 
1 






1 

~7~ 
114 



(13.11) J£JI 
VMEbus SjU] J.^ 

oCL J2 «yj ^1 . JSL-^I Jy,^ Multibus II «>. ^js^ VMEbus j£J 
tfj** oWjJI J& VMEbus d% villi £-y .<Jli!l J £U jjJL. 57 ^ VMEbus J 
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,*£*dl JiU J-wcu-i . iJlill J &l>- l)_jJU 24_j Jai» J^ju VMEbus ^Jy >^Ai\i 
.JiUl ^jj ,»£>dU ^j^l-J ^Jl ^jjUl jLs-V JiUl <_ikJ S*jia>. iujf t5jL?-Vl 

o^ljUl oljLiJ jJU 4*i»ULI JW ijki **~. ^JUlali jf viJUJl JiUl f JLi«i~, 

iV <— ~s^-J JiUl J5wj of J*«i~JU -jS^ . *»J»l«* v^* "^^i ^V*" V - ^' i*tL2ll 

*pL» <_jL«^. > ^ iJU^I ujjJasi- 0L4II JiU jijj Ijjp^I . i»^u JJ Jb-lj £y~~ji sy* oLail J 

jllEUROCARD J i*.Ul j^l Jl£.sf oU^ly VMEBUS ^Ijjf £_^ jAj 
«_*«J . (istfj 6.3 X 9 . 2) i-A^Ua* f-lijjl _jf (iv»_jj 6.3 X 3 .9) syu> f IdjjV fr-«..,.J 
l^jUlJ VMEBUS ( ^JB JJUiS" . (p^-^j £. ^Lil^l ip>. oU-_>J J*axL of oL-UJl «JL* 
^yi . BACKPLANE ir~i&*- Oj^^j DIN -j- 9 6 _j ,jUI owLJ oi^y C^> 
OV l>J .24 Jl iiyJl J^j JjVl 16 Jl oUUl J»>^j piUdl oljLSJ PI J^-ji! 
J.U JiLJ VMEBUS JbJUil J*** j|i ii_^JU IL^ 1 2j LiUi l!a>- 1 6 ^ P2 J^U 

.iUy 32 _j 

Jl UL»1 .P2j PI <J%*y JLxu-L VMEBUS £_, a> ill ^1J| vt-'j^ J**5 
iujVl Vv*)l i^iSU^I yUji-V jfl>> viJU J5" C jJUl ^ SBC ,_J» J ^>^JI gJUii 
.iUj 32_j ^ij-JI VMEBUS SBC Jili Ofc* (M_ 1 1) JS^JI J .VMEBUS J 

FUTUREBUS 

j—rf. JSU iJKjfc bj& of IjJUtU x^ IEEE ijLiJ! isJ.1 ofjj 1979 i*- J 
•jijbJl g-jjJt; SJ^jJl 6 JIa pE . FUTUREBUS _i dUi ^jtJ^-^Jl- .iUy 32 _. 
JjU] i»jLy<KJLJ oljUi^J oJa^ <-ivMajj <JU<»j 32 _; j^lji* jj* t^jl^j < JiL» Jl oliLJlj 
oUL oUiS" J* **jh Of UifLj^i .(oljLltsU Jb-ljj -jijlixil Jb-lj) [oU^U* 
t^^ai Ijjy oLiL Jtt of FUTUREBUS SJb-^U -^ .iU»j 3 2j 24j 16j 8 J^ 
jj^jf JlL-^Jl jl^l FUTUREBUS ^o; dUJ^ .JjiUI J iU OjJU 117.5 ,y 

oL-ikJI J-J- SiJjO i-jL^- OlJ_J-j l*ajf ^JL»^U«Jj i*i»L2ll dAJ J_Sj oLft1_^Jl 

MEMORIES j MONOLITHIC j SIGNETICS &, £ of ^ JiLJl Jl ^^11 
^L-f J_p LJLi oUc c-JLi TEXAS INSTRUMENTS j FERRANTIj 

. It^A J L^JtJ jL j. JiUl IJU 0.U FUTUREBUS 
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(3 






iUpj 16 _» 
oUyiK,y 


RPROM ijj\ a 

*L*; 1 6 j 


USUI RAM 
ijjli) ouj— Jl 
256K (i-U «_; 
<U*j 16 i<_U? 




JLiluJJ 
































DMA 






DMA 






INI 
















INT 






sa 


















sa 






DAT 














DAT 








ADD 








ADO 




























J/w g-JU" 






iAUll JjlJi. 


























lmm ~l 


f 






JsHj JjlJU 

DMA J 




' 


t> 












DA10-21 1 
















*~*£y 




r— 


->* 




































sa 




INT 










DAW 




INT 














DMA 






DAT 














DAT 




Vf*jJl 




ADO 


















ADD 


piUcll 






































r 








JjU. VM 

uu. 


E 


VME 

Aj.tt.v_JU. 




^u Uy vme 


,-JU.V 


VME 
ME 


VME 
LIT1UTY 
ACTA1 
SYSWII. 
SYSMSET 






ipL* 










1 






















IRQI.7 






















DOO-DIJ 


A0L53 


»Mr 
















D14J1 






Pl-VME JiU 1 


P2-VME JiU 1 









(14-11) J^Utlt 
*Uj 32 j VMEbus USLa J-ii 
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NUBUS 



JL 



-1»a J *1A-*J fjj-il Ljj^S 4_iIjlJI J NUBUS SJl-^-jJI Ojj_i> 



olj>J c^*>- -L\Uj . MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
.TEXAS INSTRUMENTS _, WESTERN DIGITAL CORPORATION J ^f 

U^i j& jlj UfrULl oU-Ull ^ jf a& Ja^ JSU ^^ NUBUS j_^ww aljf 

•■^■J J J J V/ )I J A iP SJi " y> ^ ^ vr*- 11 l>iA • ^l^ (5>-^ £-1^ ^^o ^V 
JJ y, NUBUS J iJl£.)[l .Ia iiUI f JuJ ^_^ Jb-^.V «cf ^JLJI £_* NUBUS 

. l^. ; .o.»..sia.« 

107j MULTIBUS IIJ 6 7 £_, ^UlL tSjUij J^ 50 Jaii NUBUS J-^-J 
•j5Uil ^ vilUJ S^j . (NUBUS oljLil iijJU ( 1 5 _ 11 ) JSLHl J) . VMEBUS J 
S/li U^ NUBUS j**3 . 5i>i VLSI JJlsj JUxu-L NUBUS J Udy h^x, ^ 
oUUlj uiJ^I £J^" e^ .5/liJl J ^Slj^JiUI Jp ajJl iilS - £_. J„Us jj| 5kkfc 
1 6j 8 J OUUI JJU j^Ojj Olj^i V 5 J>v a. J*ju iUy 3 2 i*~j ^j\jj JiU J* 

J^b lfiwa-l Jij NUBUS J ^b ^sl TEXAS INSTRUMENTS j~jS . lLs>j 3 2j 
^Jtf-j . ^Lk^l *ISUJI JJuU ;L* _ EXPLORER villi J U 5j Jocu oU«su 
a»j lyS" 4Jtu ^'bVl ^l IJu . iJliJl J iUt jjJL. 37.5_i oUL j£J Of NUBUS 
olSU J**a-i MULTIBUS II j NUBUS ^ Jff f |j U f^jAj MULTIBUS II 
l^V l«v*V >^- NUBUS Of J^ll ^ . jyyfc 0^ 1 M j oli apL- Jp i.lji. 

.APPLE'S MACINTOSH II J jujuJI JiU J Jwa-J 

IMPLEMENTATION OF BUS ARCHITECTURES JSUI oUSoA oULuLj 

^-JU tiiywJl oU-Ull jjJ* J iilJl^ JtfVl ^ *!**, 3 2 ou-j Jj'LSjJI of vi-5- 
OLv^jJI d)Libdl . IbA?- Jaii lj»>^ iU<»j 3 2 i«^j ^LtJl JiUl ?«-,-*aj <l>f t-jjii-J.1 /y> 
. INTEL'S MULTIBUS II jlillj MOTOROLA <x^j <;_,> ^JJl VMEBUS U» 

•_,, i^* oU-U, MOTOROLA L^>«if ^ VMEBUS SBCs oL>«ru 4J15" .-.•-, .At 
iiJL* i_»> Lj>w> jJl VMEBUS SBCs ^ olJb-^Jl L_ipf .1^ i^»ULl 68000 iUU 
OaU- tvilJj Ji*j .MOTOROLA i^ oU-Lw Uuf c^JLi^-l MOTOROLA ^ 

. INTEL JJLiy Sajy MULTIBUS II ^IjJf iJ*f 
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ji. ■y o*U- MULTIBUS II SBC j VMEBUS y> oJUJbL-l s^l oUSJl 

HEURIKON Oy. ^jL-JJVl (US ^L. .^IjJVlj v-U)l olJb-jJI Ailky ^-y iJUju 
oJU^-li MICROBAR SYSTEM INCORPORATED j CORPORATION 
VMEBUS ou jiljj Jjf gtSl gJj-dl ,>. MULTIBUS 11,68020-BASED SBC 
NATIONAL j, NS32332 «JL_>-j_JI j-ij^J dUJi_5 .1987 *_u- J 8 03 8 6j 
jl^Vl Jl J^-Jb' ofjb 1985 fc- j>-ljf J .SjJbc SBCs_, SEMICONDUCTOR 
INTEL 80386 JL. aJL*j 32 4*~u iywJl oU-Uil ^JLpV ay** q^J Jp sli^ vs-lp- 
.SEMICONDUCTOR'S NS32332j MOTOROLA 68020 j 



^pii JJUI 


SjL-fJfl 






ou—Vi jj_p 


■jijLjdiJlj oLiL-Jl 


AD0-AD31 






32 


fS**A 


START 

ACKNOWLEDGE 

TMO 

TMl 






1 
1 
1 
1 


tfjWrV r^ 1 


ARB0-ARB3 
REQUEST 






4 
1 


L^l..,t.U 


SP 
SPV 






1 
1 


<-ijj*Jl JJ 


ID0-ID3 






4 






biljl-lVI 


£>-* 


50 


SJL^I 31UI 


+ 5 VOLTS 
-5 VOLTS 
+ 12 VOLTS 
-12 VOLTS 






11 
B 
2 
2 




iS*J 


iilij^l jjjJl jy«jf 


23 
46 






iU-.^l jJi 


••tr* 


96 



(IS. IT) JSCJ1 
Nubus ol^LiJ Ljtsfc 

jUp'VI tjwo iji^-t. of ,^fcU ?|^~*Lvo, ^AJI ^-UJI SBC j_«-a. jbii i_i*S' 

.4.^11 ty-ljJlj Jjj— Jl 
*L*i~ll iOJ>Jl v-^J SBC Ojjiij -jJLIIj 0_«jJl -uJL l» j~*i t Jj^l i^ -yi 

^jVl £~il MULTIBUS IJ of ^ .• r +k i ^Jjy, J^JL, o^. ^V dili 
J-JI ujJOs^JI ^L^JLi w ^j 3 2 j ^.UiJ ^^jVl VMEBUS J, <U, 16 H ^UiJ 
Of &^*-. ^ .32 ot^UjJl ^*J ^JLiJI JU J .jj^dl Ji^ J ^sVi 
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Of ^Jl j^i lilUJj VMEBUS Jby ^ olji- fi*J Jby c-»—Jl MULTIBUS II 

• ^jf^J ^r^sr* o*y^ 
VMEBUS o% .Ugi\ J»l£]| ^ v,UJ| jilyji «KJ JUj-^ i^l v-LJl j, 
.^-si^Jl U-Uc piUdl Ji* iJ,L2ll -u>.y oUJaJ i^Ll SJb-j J_*aif jjj^ijL.ljX-V 
*ijlj=l>l *M*ll oUjk* Ji* iifrUil oU-Ull oLUd i^TiU Jtff MULTIBUS II _^x*j 
J MULTIBUS II SBC J Oj-^Jl o^c^ll .1^ £_* CPUs ^ oil. Ja^; i^. 
CENTRAL DATA CORP., HEURIKONj INTEL *,__» j-^U-l .,-. », 1| 
,*_* VMEBUS SBC J O^^-^JI Oj-^Oval! . MICROBARj SIEMENS j 
AT YTj IRONICS jMIZARj PLESSEYj FORCE j MOTOROLA 
oliJa; tf& Jp iu^ s^J OVI s? «Lw. .NATIONAL SEMICONDUCTOR j 

. iJL'lr SBC 

INTEL ISBC 386/100 

qIUII (.ai^w MULTIBUS II ^ J,f INTEL ISBC 386/100 SJU^JI oJl? 
*rjajll RAM ijSli, c ^Ul c-i" -^ .iUj32 **w INTEL J 8 0386 iSywJl 
j£j .iU- 64K_> iSL, RAM Up viLli* C >1| ^ .31* "jy*, 4 iUJj *J|^I 
J fy too Of ^l>l J* >*)l jlkil *J Le i^Jl RAM J[ ^^l! U*J| JLxU 
ojJiil ^^J^iS £-*\j>. c ^UI Jp ^Jb-.S/liJl jm \js of ^ ^J| oUUl ip^c UJ| 
.S/lill <y tU 128K iUJ J>Le^[| J* SjjUJI EPROM J ^JUtts cl^uSI^ 

JiU C ^UI J**^. l5>-VI 4^1 UkiVl £_. ISBC 386/100 ^Uy J^f j> . 
4*l»tiLl fylu dDi J Ir UU>. ^ ^ ujjj MULTIBUS IIJ hjj&\ i^kAl 
Uto JJLJI J| £j yij j^UdJ gjjll p^sllj JSL-jJI jl^l jj* oVUJVlj iJUiJl 

IRMXj INTEL ASUi jJl UNIX gyij XENIX ^ JU^aJLI U.UI iUkJVl 
.FORTRAN j PL/M t C <ASM 4*pIjJI oUJUl ^3 . Ju£-\ y>$\ l\yj 28 6/386 
■ j*Mli J^J ^l* £>**~j cjLJISj c_Jl r villi J Lc oLtl^JU ^Ja; oIja( JyS 

INTEL ISBC 386/20 

^JUI -bfuija-j-JilJI Of OLJ^I j&L. Of ^xJl j* .U^»j 16 **^ J5U ^ 

510 



J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



wJ^IUajlj Sj^So. Sjj^a; ^iLJ-l t\J- oUJaJl ^Uf CJtf lij \* qIjJVI j_aww «— il=^ 
\^y lqo&> r^ji^ ^S y^S jf «_j;*i "*>*&***> SJU-1 till; dj& \^>- . L-*-" »_P^ 

ju4 .^iyVl «JL* Jii i— lj J-^ a^, INTEL Jfc. olSyJl jfeu' JU- ^f Jp 
;_^t ^^j^ljs- Ui;f J iU>j 1 6 _i JSIjiJ die ^S1j_)JI ^ j^l jfy> i£A\ v-jL-VI 
Jjf iSj J* JjUJI l-L» Ji" j*-* *JU») 3 2 _; pJl*< 7-jJ J-^»j j^«j . 'LpLv' oU5v>c*5' 
.jt.\ JbJbf Jill Jl JUJ^ JLiJVlj ^1 •Ijij p-jJL .Ij&VI ,y Jj^U ~^ 

t v r SCJ . PEs &\Jiy> J J>i JSSVl ^y>^i\ gJUl ^ INTEL'S 80386 iJ*-j 
y, .lij^S *&*Jl iJiJtj i*-U*aJI J VLjcu-I ^"Vl ^ 80386 jf bjy. SBC JajC*^ 
a^l «_* 80 386 olij g-.Jj INTEL'S ISBC 386/20 SJb^Jl pi' oUJaiil oJL* J»-f 
V^ll S^TIJUI -j, £U Oy^l. 4 iUJ ^1 bl< tfs . *Ly 1 6 iu- MULTIBUS I 
Uajf »-_pjl IJLA . &L»- jj;Jl« 1 6 JJ i^l JUl JJLC jf J^a'.* t-^J Jp JjJaJI rO^ O^J 
ijl^y A>.^J^JL1 t yi^-ij- JibL EPROM J Ji^U l^i y>j iL-p- £U 64K ^ iil> Up 

• oLf IjJl 

iRMX j INTEL &s ^Jl UNIX j^ij XENIX ^» ojpjII <UUJI *Ji;Vl 
PL/Mj Cj ASM JjU i*p|jJl oUJJI ,^^^3 .jyJ-l ^1 Sl^ij 286/386 
oLftl^j ^*-s^j «-i-il5j v-JI^ dl)j j Lc oL? I^JU jj^kf cjljjf y>S . FORTRAN j 

HEURIKON HK68 

HEURIKON's JJL-^I J .tf.„- t U^j 32 Lw VMEBUS v 11 -^ Jl 
iUJ Mj i JJiiii ^Jlj iU»j3 2 ^ MOTOROLA'S 68020 WiJ\ HK68/V2F 
i»l>- Oh^ a ^ *"~y {y^ 2^-' *^^ RAM S^SIJb rjlll J-SLi; ^^c .jjy* jj>JL» 24 
jjiL S^^auJilj itfUl RAM S/li ^ iU 128_, EPROM ^ iil>- _^LJ 128 iUJ, 
Ijj_^ ^-jUl J^ 't^-SJ-l i>*-^'j (^ ? ^ 1 ' oLSjJaJ JU*i»-l J^-l {ja .J^xuJ.1 i^ifUij 
J_.Lp (.UaJj JL«>. •j-j JLiij READY's VRTXj HUNTER j* a_ii> !J^j_. 
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HK68/V2F>c ^JJl j^l ^l ^ iibiJLl oL*l^l .MICROWARE's OS-9 

0* fjji dta UNIX oliJa; j ^HJ J^o-u .HEURIKON's HK68/V20 &. 

.^-LiJl V UNIX -AT&T f lt; £_, i^^ UNISOFT's UNIPLUS 

DIGITAL SIGNAL PROCESSORS JLui^JI $,Litf| obJLu 

£u3jj| SjLuVI CiLaJUu alius Im 

Jl iwJU* 4-J, \~& Jwcl-I SjLiNl *A-U, Of Li^- i^LJJl ejLi^l iLU, ,^5 
iywill oU-Uil Ju ^^JJl aj^L DSP,,f l^)\ SjUVl oUrU. ^ .UJUJI tudl 
U-U.D _; jLdl p-JA ^ Li . oUU, <zJ%*>jj IjLi^fj bU-F J....CJ ^ . Uidl 
if\SL» sZ^J- Mi .i^U- ,>I>V iyw. oLLLc^S - StL-j DSPs J**; nijLSVl 
. SjLiNl U-Ul ioLJ-l olJb-jJl Juii; piJ l^LJU; is-fjt-j 

u*J SJ c~ yl — j* oU^Lui ^"sUi-l jblj oljUj U-Lvi -jS^ JliLl J^ J*i . DSP 

■ *r-*- ^1 JJ^L* VjJI *ajw» ^.^ »J^1 o* Jsv»Lil ^^aJLi^-j ^JJI 

uf*J "LJ^I tr** i>* ^^ 'jL-Y 1 ^^w <_«jUJ_> a-;-w>«s OlJuJa-J I fjJ $S \^> 

• ^"r*" P-ff-J Sj^^J.1 i-J^vaJl oLL* 

.&U1I Jir t ^l. ..jLrtll JUL' 
/ - 8, cos art + B 2 cos loot + B 3 cos 3cot + . . . 

^JJI J^Uly* Bnj aydl x J> 2 = W <Jx^ COSINE ^Lsll ^^ ^ ?k^ oljLSJ 

. «_ik>J.I :o,Ji oIj^ji jl JLi* Jix 

oljl»>- Jl i-jjUaJI JJuJl (^j) t a5j£ y-^rjZt iUij ojLiVl «Jl» J-i£ J>-f ,y 
2 = t j iJliJLlL 1 = t j Jljill; = t bj£> Ux* oLL-i-l *lj^l j£s jp~ iL&c* 
ihA\ SjLlVl oJL» Ji. ^ J-.UJL SjlSVl U-U oLJ-l SJs-^Jl ^i" . jjj . . . iJliJUL 
j,J^ j Jud [jiJ . (IIR jc-J^y FIR <~-Sj*j FFT ^ DSP ja *ijjA\ oljjJJI) . Lij 
a-j^j <— 'j*^ oUU* ^f iJl»- JJ i_jLj>- J,J jji If- J^L«Jl o\ *5j4*~j <Sj~~* oljLiNl 
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oLU>- ^ DSP oUJUi - jf ^ DSPs J»-b ilJLoVl ^-jJ^" olaiL ^>Jil IJla 
tSJljdlj i^SCJl *J^JL JiJl il-UL i~£>dl -LJl tU5> iDSP ^J*i-J .*££, 

TEXAS ilil* ,yy vijl SjLSyi U-Ul jSlij #& Jp <m j- 5>i 0^1 l ^b~- 
(> _ J , 56001., 56000j ZORAN's ZR34161j INSTRUMENTS TMS320 

.MOTOROLA 

<La5jJI SjLSiVI ObJbu oliulu 

TEXAS INSTRUMENTS TMS320 SJL*U 
*i ^ TEXAS INSTRUMENTS j, TMS320 iUj 32/T6 i*^ DSP iL'b 
iWjJ v-s 5 ^ 11 'L^ 1 DSP J^J J"* J VL*u,l £--jVl U,_, i^J, £-yVl dJUb 
TMS32020 Jli)l JJLlj 198 3 4u. £>-f ^JUl TMS32010 J,Vl JJ^I ^* TMS320 

.1985 o- r-^f ^JUl 

lfo.jt.sdj ,jyr . Oj^SL« 2 . 4 iiLkij NMOS <u&i JUjcl-.Ii DSP oL>-i^»Jl » '■■.■•> 
Jvoi; ^Jl v-Ull HARVARD U*> ^-SU; .«Lull HARVARD U^* JUxu-L 
«_«* Oy. J^k TM320XX c^»- JL& loULJl S/li ^ Uli ^U^Jl S/li Lvi 

45j>- ^j^y 4Jjj-» j&i P~""ji it ; " * '/ ?", 1 LAjJ-^ «_»—j j^Jl oULJI 9e_*>3j 7t_*lJjJI 

jjy» O^JU 20 . 5 j^j **LJI ji/ j* ^Vl jj-l DSP ,j^J**jJI ,>• J* JJJU . oliUJ 

. SJlill (J 4«Juu UjJU 5 SjJli | hOil Jb*j oUtljkA o jjJjJ 

LJju Ijji TMS32010 Sji^-jJLJ .TMS32010 U£j» i^. (16.11) JSLiJI J 
jdi i~?jx]l ijiJl J i-JjUis a-JOC? iUcj 1 6 x iUUoj 1 6 ^j^ |^i . oU jJU 200 UjJli 
. aJU jjU 200 U>ji= i$jk* 5jji (J <_Jj-a)I iJL* jl>«Jj .n-Jx".....? 

£>p iJlS^i 'upULI ot>UJl jy .ALU Jl oUUI JiU j* SjUl oULJl vjU^ 
iili^Jl Jy <liiJ6 . RAM cAJL U.Ux ^^"V' ^^ u 5 ^ l? 1 ' IrV J^ 1 •->>-'* RAM 
J Lstl^ L^i; ^^ ^1 ROM £-«l^ ,>• iL^J 16 ^^-J' ^^ oUJ^Jl -^ 1.5K 
ilJli.V ,j^ .RAM oUL ■y iJLS - 144 Jl 5*U| tU^I ^U^ JLa^-L. «^ail 



513 



J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



XT CUCIN 
XI ■ 
CUtOUT 

an 

553 i 

MEN 

So 
mc/Sp 
iSt . 



fi.ai 



CON- 
tKXUR 






aii-ao/ . b y-**! 




/ 

/ IJISB 



Ot_J-i» ^jJ"-* 



A 



(16x1536)0* 



/ 3 p_.Ul_ r Jl JJU 



7 ¥ 






/- 



ARP |~ 



AR0<l«) ' 



Aftl(IA) I 



IKiCNO: 

MP - J*!"" J>- jJ). 
ADO - J»Lj J»— 

Ml - 1 Jl»l_< Jiw 

DP » ^l^il S*»jL# yi)j 

PC - »»U y jlO» 




4" 
t(li) 






P(M) 



CilyfjyA.^ # 



RAM OUUi 

(144x16) 



e-^ J 






/ 



OljLi (UlJ 



/« 



\ I 1 1 



/ 32 



,r. 



^LJ 



16 






/» 



/ 



^ 4 



(16-11) J£JJl 
TMS32010 J (JsS-ljJt i^'jJl 
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Sjji lAj .TMS32010 *bt & cj\y «ftll J[ tfy: jS\ Ubf TMS32020 JjS 
(.iijiu SjjJj *_*J-lj i^JjJiil oLJUj j^ tliVl jjlaJ «_JL*I *U- . <LiL} jJlj 200 _j i»JUj 
i>^XJ /«-* - j £L»j 1 6 X iUoj 1 6 L^tw- ^--Sy *~~>. "--"j-aII iJL* j^j jf -jSlr :J| 
SJL>.|j SjjJO < r J J «a}\ iJU^ j^j of TMS32010 J j^c) . SJb-lj i*JL*I Sjj JO iJUoj 3 2 
Ai\iji\ J* RAM v*S" TMS32020 S J^jJl JUjI dJUJS" . (^1 «jjj JUL *_JL| •_/£[, 
OjiL ij5" 64K ,_ya~*2 £-» «-K 128K J.I <il»j Jp ROM ab>- . iJS" 544 0>- >y_, 

.oUUU 64Kj g_«U^Jl 

SJU-^J £bUu TMS320 CIO SJL>-jJl .TMS320XX j, £lyf iuyjl j^j 
J ixJu. L$i*£ Lf v'^j*^' *»U*il i*ai*il CMOS-; i*i*A. I^f j*p TMS32010 
Ue-jU CMOS ^iy ^ TMS320C20 Sa^l .ikrf*" «^ i-Li-l oliJadl 
J**s-J of Ir^eXj TMS32010 ii>e JiU Jl TMS32011 5^1 titi .TMS32020 
^ TMS32010-25 a*-jJ! Uf . L*\*- oUJd i^uai ^ JUJdj i*>-jU S_/T I i JbJi 

.iJti jtyU 160 SjJii Sjji -^j TMS32010 ^ p^J ^i 

ZORAN ZR34161 

vJ^f j^j" . oUVl aJjL. c>u.^' DSP iilij Jjf ZORAN ZR34161 SJb-jJl _^ 

oJai ^JUij J^JO" l^f j^e SCALAR PROCESSING l^y* ji. ^J U-L* DSP 

ij>-jj*ill ioLJ-l Ol Jb*-jJl JJjUi Stjk; itfJjt »-VA ■j^J .Jb»lj cij J oULJl ,y> SJb-lj 

t^JJl FOURIER J ^j^JI ^LJ-I olo>-jJl .Jla i^lif -jWrf . DSP Jp J**; ,jJI 

JU-I J L«-U5"t; oU^*^!! .JI* J* J*« of **■>! gJUll ^Jtf-- .VECTORS 
^r^D if^jjil _£* <^-aJI y iyiS' £-*£> 'tV*^ ^ ^s^ 6 " i5*^' cJJ-kfcJl DSP -y f-^Lj 
^sryll i-s-iy-l <>• ZR34161 iJb^Jl J* sbdl -uj-^l fyL. ijA- o^j-x-l . i>^i\ 

. i>*LviJI jUiVl jj^aj ^-SJaJI oUijj oUL JJbnJ aJUjCuJ.1 OjjJCJI 

jrtij f Lw 70,000 6jl ^ .(17_11) JS^iJl J ig, ZR34161 ia^JI 

o J«>-j ^ J^ J^JU . djj£~» 2 4Jl**£> *Sf>3J> iJ'^*^ ^M 1 ! CMOS JUjCL^iIj AjC^Ojij 
^jJaW J l^LUs- 'M^l DSP J «_•»*. j LC Jb-lj of J Juidl 5Jb-jj JiUl i^J^j" 

. U-UUJ JLJl 44^1 Jp Jj-^>JJ i^jliJ-l Sj^=^-Vl £_* J-^l^" ^JJI cJ^Jl J £-JUj 

^JLw -yi oUJL»J Jp JiLJl (-aJjI SJb-j J-^a*i iiyjJlj CjULJJ JyJl li* JI AiUiJ 

. oLJL«J oujf <>ju ^ ^Jl FIFO uA*Z J l^sdjj DSP _. ^cj HOST >. j..^ 
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J**J Of JiUl L-iJjJ 50^ t >£»J \^oju_ £_, ZR34161 ,y8 Lj -jSUil y> C~>- 

.jjyn Oj-L> 10 ajUJ JiLJJ oJjj *lj>-l -j5lc 

vUiJ 5^>-jJ jSUJ <. v»-jUL| oVLsaJVl ^-~»^r>4 jt^r J*^J' 1 - J M> J " s -^*-j Of il~~ 
i^VHj aUIS" 128 _j RAM ij\i> ^j£ ^ , A>y lu>j}a^S \j»Jj>-j} J**j jf oULJl 
jJiJl S4^-j J >— j -r vi!l aJLj* ^^ **r^>\ »4*j -^ . oLjLJI cji^-y aJ_$L1 iUaj 3 8 
. ULv aj_jj£ i*J 256 ajUJ oM«U* JUiVl Jj-^r Jjj . aJL^j 1 7 x iJu^j 1 7 <_jjU<all 
j£s tyy OjjU 2 c-Jjy Jd*£ Ji*^" -^ • ^"j 25 ^y^j Aij^xJL *_<^>J,I i"^4 
JUjc^L iJliJu 2 , 4 3y&~y FOURIER J ^^ J^yt. aJmJ 1 024 j^o" Of *%!$ 

.iJliJi ikixll ^L«j>- 




(i7.ii) j£di 

Zoran ZR34161 iw^Jl oljU^II ^JU. 
oUJjcJI oJia . JU (5j^~° J* <*J-*j 2 3 JUjc^L \J£ ZR34161 »A>-jJI j*-*^ 

•j i>.nA"J . hjk^ail jj*j\ J oJj^-jil OljLi Ml AjLUi A-jL»>- CjI Jw-j JUii)o fJ^J SilijJ! yiU 

^■>.-./ ».*l| J-J^j Oy^-^'j ^l*-"^ ^-*Jrb Vj^' '*yj^' cS^^' ^^ y'j^' o* *^~"^ 

yy jdl iiJikJI iU»UJI cjIjLJ- **Ijj c~j vJJUJLS" .^LiJlj (JLjl-l jf < _ J i i jy-l) /«_«JLlj 

jj tijj^ U . l^Uw» Jj^>-_jil ioLJ-l cjI-1?-jJI oJL» ^^ -Li^Jt oJl^j aJlSLa <j io_j~S' a»j 

.SJliJU 3.3 3yc~jj FOURIER J ^^ Jj^ aJ^ 1024 JU-L iUkJl aJUUII 

MOTOROLA 56000, 56001 

Jp «_«L!jJl Ifcj 0ji£ ,jJl AAljJaJb Jai* aL^j 24 Ajw. DSP OljJk^-_jJt i akii 
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•y, *Li JLxu-l g-Ajj jl\ iUj 24 = 2K _, ROM 5/li 5 6000 SJi^ll jy . aii^Jl 
IJLa, L*. r&i J* <^ J} $ 5000 Jljs- LJ-^aj I JLft . «JL**ll J >j-ll dyj\ Q-^y. 
Jp iflji j^rj J^LS^JL ^f^HJ *-*!£: jf 56000 SJb-jJl ^jii* JS jf UJ ^u 
J-jCL-j ^Hl (.- . .-.sarJl jf ^ dUi j£i .LJlfJI -olilij v-JJa JJ <Q^>y Jjf gOji 
J* DSP J S^iL. iL^ia. ^LljJl j^" Jjt .j&l l^yy jj& jf ^s 560 00 
DSP iajki* ^ iljU JiiP «>£ t^JJl yVi i^j^-l £>Ul J*- ROM iilij JiVl 

. Siji» iilij Jp {ji n .A'11 rj$y» Ji» 4+pj*pjA 

ROM J ^LJ^I JLiiJ JJ J-soVl ^Jj^jJJ 560 01 iJLs-jJl JLxl-I ( j£* 

Sj^lJb jtj ^yiy . ifrjlf jt-^fcU iiU^I lilStJl dj& <iw>- »J*jM Sjfi-^ oLiJaJ jf 

!il -jSGj i^no JjScJ DSP g-Ay J*i .SilSj J* *JU>j 24j 4*15 512 i*~ j RAM 

RAM a-. 2-«I^Jl dal~I Of 56001 iJ^jil j£*j US 5 1 2 -^ J^Vl i4J-l o^ 

.56001 SJb-jJl USL* iLw. (18_ 1 1) JSLtJl J . 4-JltJL. 1 .5 ojJi ^yjjj Vrjl^ 

Ij^lcj _}Jy& 0j^L» 20.5 UjJi (jj-^ii SjJjj 5pL» Jf- DSP ^juA*-ji\ -y> J£ J^>ju 
ALU SJ^-jj -Lis oIju*-j ii^AS 1 fjjA ,y>j . S-JVxll J i*A>J jjJU 10.25 -LU jf 
DPS <_^_^-j .jSU .(^jljJlj J-ju Of kSs ^jJLII i*^ (t-^H? ijixil ALUj oULJJ 
JJ «UVl; . Yj X oUU RAM US' 25 6 LA Jyj toLLJ-l L^U ^ ^Jl ilJlpVl 
. iilij Jp aJ^I *»^ 2 5 6 j-* ^>° ROM -J lj ^ ^f/r* ^%>U« d}>- jZs viJLJi 

xJLu (JLojcIujIj k '../a i . /^ui 8 8 ota AjSwt iijA^^t (J DSP (_J«k>-_j (V 1 J£ >— aLVj 

. 0jj£j* 1 . 5 JaJ« ^yu J»jJa>- «_Jaj ^JJl CMOS 

THE FUTURE J^kJll 

J ijJdlj iJiiVlj olJ^ll j_^kj iiLcil JSUJ-I ^ bap i_jhSJl IJL*. J Ij^i 

■yi JJ* JJj i^Jt Ol>-LuiuiVl j^iu Jl ^ywJl pJUU ^LiSj j_jJaJ J ii»j»Jl IbjJL 

^b- j J^-a; ^11 L-slpI <^' c>1_>*Jl -^f • JsrVl iL>llj Sj^l ol^dl 
ol^ jjJaJ 4>*z . VLSI j LSI jJlij jU-,f Jp y>. ^JJI ^-JjJI J.UJI L,tV i^b^l 

. V^l l _ r A i jS\ oliliSj jjJt oIpj- j>J VLSI j LSI 
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(18.11) J&jJl 
Motorola 56001 UiJ\ oljUi^l gJU. J>-IjJI v*^ 1 



TECHNOLOGICAL EVOLUTION ^ill j^i 

pJipf oUUS-j tLlj^i oUjJ ^l U» c^Ul VLSI ol>«d. ^aJl j>xJl fa*, 
Jj-iJl ^JJI U-l« J yijjjjl ol»j*ll }U» Ja£ M Jpf oU^ oUU j_>kJl 
^ t? O^ 1 cr^- ^^ *^ • J*>^l s»US aJbt ttJJ jb |JL* . j^JLJl J* ijikJj 
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9 

JL5J i \j>y>£- . L £j+iai\ ^-JaJL i<wAl iili^JJ id>-\j *J\j j£~» Jlja- *~riji i*JUj JLLj 
JjIp- jijj i*JaP Atj*. Ja*\ ^JUl Ljjj£F)l\ o)J-l pJLwjAj JbJL>- jJU* jjl» 

tSjjio XSlij J* ^f oUj£. *lJLi^.l oUl_.f J*l oUUS" »UU j_,kJI ^L jgj: 

i\Ja^l ^yailru-j Oj^SL. 1 . 5 jj-Uo ^ pJl iiU^ll J t^ll il«l . Oi^ijWl ,>» JS" 
JjJl ^L ^ 1 1 9 8 6 i— JL. . J»_**aJl £-JaJ I U-jJ ^^SJ-I JlA-l y>j CijJL* 1 oUL 

. iJjj^ftll A^ojJ-1 oLJtf JI*jcl»L ^^1 j 0_j^SL» 0.25 

jJbJ ^aif Jb- j±\M cJ^Jl J Ji>-j>i V dJJJU ULwc-l -^x jJI £y*A\ ^UJJ ^^lij 

. iilij j oli^SU.1 

COMPONENT EVOLUTION ttjSUj-jfcu 

JJUU i*^ . f Uaj ^f J U1£U -pUll Jb-f j^U-l cijJl J jJLUll Sy L'JL. cc^l 
.L^iJ i.jkll USLa jjjcj- t JULj t jJa; ^V oUL-Lw ^y*-,^ LU* ^CJil -j*i 

.^Vl >-l J tU ^Uii J ioJIj SaJSj iV ijS'JUl iJLUil J Sj JLdJl oJU Jni-.-v" 
iX^Ai ^j**^ gj^*^ ^*j^* J p-r*?* .^-jjll iLblt JIJL* J| jjl>-ta /^ 
JJlij 0L £id! £_-kuJ t Aijy-l J .oLL»JJ jSlijj ^j^\i J^l J£) <0% U.L<w 
^UU ^>^JI l^Uc 5/1 JJI 3^u. . i s J k^i\ gJW! JSUj ,y Jit jJUu ^Lu- 3/1 JJI 
^JU? DACj UARTj PIO ajji- ciUJb L^j .(i^UUl aJ/Iju ^>^Jl gJUll jf) 

.i*JS %15 VLSI ^ jl^ JS Crr ^ . ^^^ 

4u ^>-Vl Jp) t^j^^ 1 oiSlii^l oJ>j L^jt ij^^iJl oULLJI jl^-Ijsl- nij>-f SjLu 

SOCIAL IMPACT ^Ui^VI ^UJI 

(^ ^^.j i-*^>** *dywJ' oU-Ull c-?*^! t LpUi?-NIj iJLJVl jkJl i^>-j •-. 

J id>-\ju ' Hj k^S\ oU-UI c^w,t .(o^fjf) Jlj4&\ 6j>A\ fJ J| oj^-yb 
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j^S^dJ ^Ixill Ljy}\ l}^rS\ oi* ^i £-~*j >iLJJU i-^xi .J**JIj C-Jl *1j->-f 

. oUVl villi J J^S" ^I^JI lift ^j . I^VUjC^L 



. RISC AjtSj t-J-Ao (_5-iJl pJUil j["L)w jp 

. OPTIMIZING COMPILER ^>S\ o^ail iLt, . i.~ 

y. U a v JJ RISC oUJUj i_..Lk"Ji JpLj ojjj rt-J 

?RISC U£j* J oU-LcJl JU cjLJ 

. PIPELINE tfj^iJb jaJl J**, v^ £^11 

?RISC £>fi« S^t JjV jjjJa jjf 

«LOAD AND STORE iOjjUj Aiodl ^'i £^k^l ^.y L. 

?DESIGN» 

. JjUi ^1 ?CISC l<£»l&. ^ J^f RISC £_«U^ of J* 

.ilvoj 32 *ju» j JiLJJ i«^il oLJKJil ij^p 

. (MESSAGE PASSING) . iJL^Jl jl^j Jwo-u ^JJl JSUl «jy> 

?oliLJl JjLj f-j~o lillj SJLj^JI jl^«J yb U 

?is*i^l SjLiVl pJljw .yn U 

. JuJ-il SjUiVl U-Ui ALGORITHMS ioL->- oiJU-j #%' Ojj 

. isjyw DSP *S\ij {j-~s-\ L^ 



jjjUj 



1 _ 

2_ 
2_ 

4_ 
5_ 
6_ 
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8_ 
9_ 
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